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This work began in 1995 as a research effort to understand the role for- 
eign trade had played and would continue to play in the recovery of the Cali- 
fornia economy from the 1991 through 1993 recession. In 1996 and 1997, 
the research continued, under a grant from the California Policy Seminar 
(since renamed the California Policy Research Center) of the University of 
California. The work resulted in a policy brief, a report issued by the Cali- 
fornia Policy Seminar, and seven working papers released by the Fisher Cen- 
ter for Real Estate and Urban Economics at the Haas School of Business, 
University of California, Berkeley. 

Since the initial series of reports was completed, the forces of globaliza- 
tion have continued to transform high-tech industries, especially the “com- 
puter cluster,” in California, the United States, and beyond. The computer 
cluster includes semiconductors, computer components and machines, and 
various aspects of software including systems design, data processing, and 
software. While some high-tech sectors, such as semiconductor production, 
have long taken advantage of global resources in their production processes 
and marketing, presently even sectors that once relied largely on domestic 
markets and domestic production sites have begun to move outward for both 
inputs to production and to find new markets. 

This book is a joint undertaking of the three authors and we all share 
equally in any praise or blame. However, books are not written well by 
committee, and each of us has taken on special responsibilities as follows 
(alphabetical order has been used in all lists of author names in this book): 
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Chapter 1 

Introduction 



In the past five decades, high-technology industry has progressed from a 
small part of the United States (US) manufacturing base to a major driver of 
both the manufacturing and services sectors of the economy. The growth and 
transformation of the industry has been integral to the expansion of metro- 
politan areas in the southern and western US and to the recovery of a number 
of northeastern and midwestern cities previously dependent on heavy manu- 
facturing. As these regions became tied to high-tech sectors, their economies 
have also been necessarily shaped by the process of globalization, with sales, 
purchases, and production taking place beyond their traditional borders. 

1.1 SUBJECT OF THE BOOK 

This book focuses on the interaction between a high-tech economy and 
the forces of globalization, and the impact this interaction has on the regions 
in which the activities of the high-tech firms are concentrated. In this intro- 
ductory chapter, we define the terms high-tech industries, globalization, and 
regional concentration, introduce the framework of our analysis, and sum- 
marize the issues raised. 

1.1.1 High-Tech Industries 

There is no single accepted definition of a “high-technology” industry. 
For our purposes, high-tech industries have four key features: 
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1) Innovation underlies product development in these industries; research 
and development activity is crucial. 

2) The industries rely on large amounts of highly skilled labor or human 
capital, relative to total employment. Skilled labor is the key input in 
both the research activity that creates knowledge and the design activi- 
ties that create the specific products, both hardware and software. 

3) The exchange of ideas fuels the innovation and design processes, caus- 
ing these activities to be concentrated in a few locations, not broadly and 
evenly distributed across the whole economy or country. 

4) The routine production processes in these industries do not require in- 
tense intellectual networking and interaction, allowing the production to 
be geographically separated from the design and management functions. 
Thus, high-tech industries are well-suited to a production process that 
occurs in multiple locations, indeed multinationally. 

Definitions of high-tech industrial sectors generally include the first two 
points in the above list. For example, almost twenty years ago. Monthly La- 
bor Review compared definitions based on the proportion of scientific and 
technical workers, the relative level of research and development invest- 
ments, and a combination of the two (Riche, Hecker and Burgan, 1983). 
These and other authors also refer to “product sophistication” as a character- 
istic distinguishing high-tech products from other manufactured goods or 
other types of services (Riche, Hecker and Burgan, 1983; Vinson and Har- 
rington, 1979; and Markusen, Hall and Glasmeier, 1986). Measurement of 
product sophistication, however, is highly subjective, and many studies rely 
on worker classifications and research expenditures to distinguish high tech 
from other products. 

The Monthly Labor Review article shows how widely the results may 
vary for different definitions. Only six sectors defined by 3 -digit Standard 
Industrial Classification (SIC) codes (drugs, computers, communications 
equipment, electronic components, aircraft and parts, and guided missiles 
and space vehicles) are “high-tech” under a definition of “at least twice the 
average ratio of R&D expenditures to total sales”, while 48 sectors, includ- 
ing heavy construction and hydraulic cement, are included in a definition 
based on the proportion of “scientific and technical workers”. 

Among the many alternatives, we focus in this book on a definition rele- 
vant to industries clustered around computer manufacturing and services. 
This approach goes beyond just manufacturing sectors (in contrast to the 
R&D definition), but narrows the industry focus relative to a definition 
based on the proportion of scientific and technical employees. In Chapter 2, 
we designate the precise industry codes that we adopt in our statistical analy- 
sis of the high-tech sectors. 
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1.1.2 Globalization and Trade 

Globalization is also a term that has many definitions. For example, Mit- 
tleman (2000), distinguishes two main categories of definitions: 

The first of these is to point to an increase in interconnections, or inter- 
dependence, a rise in transnational flows, and an intensification of proc- 
esses such that the world is, in some respects, becoming a single place. 



and 



A second cut is more theoretical and emphasizes the compression of 
time and space. [...] Space is increasingly dislocated from place, and 
networked to other social contexts across the globe. ^ 

Kemp and Shimomura (1999), distinguish between statistical and con- 
ceptual definitions: 

The economy is internationalized in the statistical sense if the ratio of 
world trade to world output increases or if the ratio of foreign investment 
to world output increases, or if the information available to households 
and firms becomes more uniform over countries. It is internationalized 
in the conceptual sense if there is a loosening of restrictions which gov- 
ern international trade and investment, or the international dispersion of 
information...^ 

In our work, we are most interested in the aspects of globalization that af- 
fect trade patterns and production networks. Thus, by globalization, we mean 
the institutional developments that allow international transfers of informa- 
tion, people, goods, and services to be carried out rapidly and at low cost. In 
a fundamental sense, globalization reverses the process through which coun- 
tries previously had inhibited international trade by erecting explicit trade 
barriers or by creating other impediments to curtail the international flow of 
goods and services. Globalization thus reduces the transactions cost of inter- 
national trading, including the costs both of transporting physical goods and 
of transferring knowledge. 



^ Mittelman (2000), pages 5-6. 

2 

Kemp and Shimomura (1999), page 1. 
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1.1.3 Globalization and the High-Tech Economy 

Globalization interacts with a high-tech economy in a number of unique 
and direct ways: 

1) Globalization makes it feasible for the high-tech industry to separate the 
headquarter activities of research, design, and management from the ac- 
tual production of the goods. In particular, it is feasible to use low-cost, 
foreign locations to manufacture the goods, thus further accentuating the 
process of international division and specialization of labor. 

2) The production process can be further disaggregated, so that either 
hardware or software inputs may be “outsourced” to other locations, in- 
cluding other countries. Examples include memory production in Tai- 
wan and Singapore and software production in India and Russia. Such 
outsourcing may provide direct access to final sales in foreign markets, 
and/or may provide low-cost intermediate inputs for further production 
and assembly in the United States. 

3) Scarce human capital resources, such as engineering talent, can be at- 
tracted from abroad to work at the headquarters in research and design 
activities. 

4) Immigrant networks centered in high-tech regions can further influence 
global trade patterns, including both access to foreign markets and for- 
eign production in the immigrants’ home countries. See Saxenian, Mo- 
toy ama and Quan (2002). 

5) High-tech innovations such as communications advances have made 
previously non-tradable sectors tradable, with worldwide production not 
just in basic manufacturing, but also in specialized manufacturing, soft- 
ware, and other high-tech services. 

In summary, high-tech industries both benefit from and facilitate global- 
ization. 

1.1.4 Regional Concentration 

Regional concentration or agglomeration refers to the tendency for industries 
to congregate geographically in a specific region, instead of spreading 
broadly and evenly across an entire country. Although regional concentra- 
tion may exist for any industry (auto production in the Detroit region, for 
example), it is particularly common in high-tech industries. One result is that 
the economic effects of the high-tech economy tend to be aggregated in spe- 
cific regions (although, of course, very important effects are also likely to be 
felt in the economy as a whole). Markusen, Hall and Glasmeier (1986) point 
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out that aspects of this concentration continue even as the industry matures. 
They describe “a whole continuum of spatial organizational relationships” 
that includes: 

primary centers of basic research and development populated by entre- 
preneurial ventures and branches of large corporations, secondary con- 
centrations of technical branch establishments undertaking product-line 
R&D as well as assembly and production, and tertiary clusters of stan- 
dardized branch production and assembly facilities.^ 

They also identify five major cores of high-tech agglomeration, based on a 
broad definition of high tech (similar to the broader Monthly Labor Review 
definition), centered around California, Texas, Massachusetts, Illinois and 
New Jersey. 

More recent research finds agglomeration continues to exist in high-tech 
sectors, often accompanied by specialization. DeVol (1999) uses measures 
of output and aggregated industrial activity to identify US metropolitan areas 
where high tech is concentrated."^ Many of these metropolitan areas are in the 
five states originally identified by Markusen, Hall and Glasmeier as major 
cores of high-tech agglomeration. However, DeVol notes that many of the 
metropolitan areas most concentrated in high tech twenty years ago have 
become less concentrated relative to other places (as might be expected in a 
maturing industry). He also notes that agglomeration and dispersion patterns 
vary between the manufacturing and service high-tech industries. 

Work by Cortwright and Mayer (2001) confirms the differential patterns 
among metropolitan areas with high-tech concentrations. They find that “in 
most high-tech regions, high-tech employment is concentrated in only a few 
industry segments.” Innovation is concentrated within each region among a 
few firms in the dominant sector, and venture capital also flows dispropor- 
tionately to firms in the industry of concentration. ^ Of all of the metropolitan 
areas they studied, San Jose (which is part of Silicon Valley) stood out for its 
size and its much broader representation among different high-tech sectors. 
The continuing dominance of the San Jose metropolitan area in high tech, 
despite a long period of maturing and dispersal of the industry, places Cali- 
fornia in a unique position from which to view the effects of the industry’s 
globalization. 



3 

^ Markusen, Hall and Glasmeier (1986), pages 76 and 77. 
^ DeVol (1999), Section 3. 

Cortright and Mayer (2001), page 1. 
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1.1.5 California’s Computer Industry as a Key Example 

California has benefited greatly from the high-tech explosion, beginning 
with the aerospace industry in southern and northern California, to computer 
products in Silicon Valley, biotechnology in San Diego, and multimedia in 
San Francisco. The growth has been dynamic, bringing changes to the places 
where it occurs and to the companies involved in the industry. In the late 20*^ 
and early 21*^ century, it has been characterized by two countervailing 
forces. The benefits of agglomeration for innovation and new product de- 
velopment pull firms into California, at the same time that the forces of 
globalization disperse production activities and firms around the world. 

This book uses the computer cluster (including computer manufacturing, 
semiconductors, and software and computer services) as a primary example 
of a high-tech industry with a high degree of global interaction and regional 
concentration. California’s computer cluster illustrates very clearly what we 
mean by high-tech, globalization, and regional concentration: 

• Innovation has led to a stream of product developments that have shaped 
the demand for computers. Computer, electronics, and software firms 
account for over one fourth of US spending on research and develop- 
ment, as shown in Figure 1.1. Electronics alone accounts for over one- 
fourth of patents awarded in 1999, as shown in Figure 1.2. 

• The industry intensively uses high-quality human capital for its research, 
design, and management activities. Management, technical, and profes- 
sional employees comprise almost 30% of electronics employees, more 
than half of computer manufacturing employees, and 70% of employees 
in computer software. For all industries, on average, under 15% of em- 
ployees are in these categories, as shown in Figure 1.3. 

• Headquarter activities are highly centralized, both in California and in 
specific sub-regions such as Silicon Valley. Figure 1.4 shows that even 
with dispersal of more standardized production, computer manufacturing 
employment continues to be concentrated in a small number of states. 

• The research and design activities have two types of global linkages: (1) 
the immigration of foreign-born engineers is an important source of 
high-quality human capital; (2) specialized technical development or re- 
search may occur at a number of other locations scattered internation- 
ally, as shown in Figure 1.5, even though the core R&D remains cen- 
tered in the major US locations such as Silicon Valley. 

• The production activities are also highly globalized, since they make 
frequent use of low-cost foreign production centers. This applies to both 
hardware and software. 
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Figure 1-1. Percent of Workers in Selected Managerial, Professional or Technical Profes- 
sions, 2000. Source: Bureau of Labor Statistics http://stats.bls.gov/oes/home.htm . 
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Figure 1-2. Patents Awarded by Industry, 1999. Source: Statistical Abstract of the US, 2001. 
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Figure 1-3. Percent of Workers in Selected Managerial, Professional or Technical Profes- 
sions, 2000. Source: Bureau of Labor Statistics http://stats.bls.gov/oes/home.htm . 




Figure 1-4. Agglomeration of US Computer Manufacturing Employment, 2000. Source: Au- 
thors from County Business Patterns data. Lightly shaded areas indicate that the state has 
more than 5% of the US employment in NAIC 3341 (i.e. computer manufacturing). LQ > 2.0 
means that the percentage of the state’s employment in computer manufacturing is at least 
twice the national average. (The location quotient, LQ, is further defined in Chapter 2.) 
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Figure 1-5. Worldwide Locations of Production and R&D Facilities of California Computer 
Firms. Source: Authors’ interviews and web research. 



1.2 THE THEORETICAL FRAMEWORK 

Our analysis is based on, and is highly consistent with, two recent devel- 
opments in international trade theory and regional economic theory. First, 
there is the “new trade theory,” see Helpman and Krugman (1985). Second, 
there is the “new economic geography,” as described by Krugman (1991) 
and Fujita, Krugman, and Venables (1999). Since these views shape how we 
carry out the analysis, it is useful to understand the key features of this 
framework. In addition, our analysis provides a unique and important con- 
firmation of the forces that are highlighted in the new international and the 
new regional economics. We will discuss each of these forces in turn. 

1.2.1 Traditional International Trade Theory 

The traditional theory of international trade identified “comparative ad- 
vantage” as the key factor creating international specialization and the asso- 
ciated international trade. Comparative advantage depended in turn on dispa- 
rate endowments of the factors of production — such as capital, labor, and 
land — across different regions or countries. This traditional model, for ex- 
ample, explains the location of high-tech industries in countries with large 
pools of high-skilled labor, that is, human capital. However, there are many 
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observed facts that are in apparent contradiction with these traditional mod- 
els. Four key conflicts are: 

1) International trade in a specific commodity should go in a single direc- 
tion, originating in the country with the comparative advantage and be- 
ing shipped to the rest of the world. Empirical evidence that actual ex- 
ports and imports follow comparative advantage patterns, however, is 
modest at best.^ Moreover, for high-tech commodities generally, and 
specifically for the computer industry in the United States, large com- 
modity trade flows occur in both directions. That is, at the same time the 
US is exporting large amounts of manufactured computer products, it is 
also importing large amounts — indeed larger amounts — of manufac- 
tured computer products. 

2) International conglomerates, based on factors such as vertical integra- 
tion, give rise to distinctive patterns of international, intra-firm trade, 
which is not readily motivated in the traditional model, at least given the 
traditional assumption of constant returns to scale production methods. 
In other words, taking the constant returns to scale assumption literally, 
we should see large numbers of small firms — described as “backyard 
capitalism” by Helpman and Krugman (1985) — and not the large inte- 
grated enterprises that actually dominate many industries and certainly 
many high-tech industries. 

3) International trade can be defined at a fundamental level as the move- 
ment of goods occurring between two nations between which labor can- 
not easily move. This is accurately reflected in the international trade in 
computer products, where production occurs in foreign countries to take 
advantage of the low-cost labor they are able to provide. It is contra- 
dicted, however, by the significant number of highly- skilled engineers 
that immigrate from abroad to work at the headquarters of American 
computer companies. This is not just a semantic distinction that can be 
solved by defining the imported engineering talent as imported human 
capital, and hence trying to connect it to the traditional trade framework. 
The issue raised is more fundamental: why are the skills of these engi- 
neers not tapped in the country of origin through development of more 
R&D centers than is actually seen in reality. Also, there is evidently an 
impact on the wages of highly skilled workers relative to the wages of 



^ See Deardorff (1984) for a discussion of early empirical studies. Bowen et al, (1987) also 
failed to confirm the theory of competitive advantage, while a more recent paper by Prasch 
(1995) argues that theories of competitive advantage are inadequate to deal with a world of 
large international flows of capital. On the other hand, Noussair et al, (1995), develop an 
experimental approach that demonstrates behavior consistent with the theory of compara- 
tive advantage. 
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the unskilled component of the labor market in the United States, par- 
ticularly in the California computer industry. The policy issues raised by 
immigration and effects on labor markets are fundamental, not semantic. 

4) The use of low-cost foreign sites for the production of high-tech prod- 
ucts is consistent with the traditional model assuming these locations re- 
flect a comparative advantage. It appears, however, that the specific 
countries chosen for the foreign production of high-tech products may 
reflect as well the networking patterns of the engineers that immigrated 
from abroad to work in research and design activities at the firm’s head- 
quarters, as well as business-to-business networks; neither of these net- 
working patterns are part of the traditional model. 

1.2.2 New International Trade Theory 

The new international trade theory broadens the assumptions of the tradi- 
tional models to explain the complex patterns of international trade and or- 
ganization structure that dominate the world as we actually see it. Two as- 
sumptions are critical for the new theory: economies of scale and the possi- 
bility of imperfect competition and monopoly power J 

It has long been understood that economies of scale can explain patterns 
of international specialization that cannot be explained on the basis of the 
traditional scarce factors model. Economies of scale seem particularly rele- 
vant to production of many high-tech products, where the fixed costs of cre- 
ating a site are often high, but the marginal costs associated with large ca- 
pacity can be very low. To be clear, the traditional role of low-cost factors of 
production, such as labor, should still play an important role. The foreign 
location of large scale plants for producing computer industry products 
clearly shows both factors at work simultaneously. 

Imperfect competition arises in good part as a result of the economies of 
scale. The recent anti-trust case against Microsoft illustrates the possible im- 
portance of market power for a high-tech industry, although this factor plays 
only a secondary role in this book. On the other hand, our discussion below 
will emphasize how the combination of economies of scale and imperfect 
competition plays a key role in understanding two widespread and recurring 
aspects of globalization, namely multinational firms and intra-industry trade. 
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A key reference for the new international trade literature is Helpman and Krugman (1985). 
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1.2.3 Traditional Economic Geography Theory 

Economic geography has long studied city form and industrial location.^ 
Both theoretical and empirical work have addressed the process by which 
firms choose a specific location, the patterns of economic activities among 
different locations, and the reasons for differential degrees of urban agglom- 
eration across the landscape. The field of study has introduced many con- 
cepts that are of importance to understanding the development of a region, 
but much of the underlying theoretical development and empirical work fo- 
cuses on location and spatial patterns within a national context, and many of 
the models and theories are designed around the “ideal” rather than directed 
towards understanding the actual. Three key contributions are: 

1) Early research focused on the factors that influence firm location.^ Many 
of the early works studied cost related factors such as labor costs, trans- 
portation costs, the location of raw materials and markets (which are 
taken as given), and agglomerative characteristics of the industry, based 
on simplifying assumptions such as perfect competition.^^ On the other 
hand, several of the authors recognized that when more realistic assump- 
tions are added, such as mobility of labor and the behavior of multiple- 
location firms, it is no longer possible to reach an equilibrium.^^ This is 
consistent with a high-tech sector where cost and market factors may 
have differential effects on firms depending on their stage of develop- 
ment and market conditions in different locations. 

2) At the macro level, economic geography looks at the way in which eco- 
nomic activity is spread throughout the landscape. Early work on this 
topic was highly idealized, starting with a blank plain and trying to ex- 
plain how urban centers might arise, why agglomeration would occur, 
and where urban centers would emerge throughout the landscape; see 
Christaller (1933) and Losch (1938). With the growing reliance of large 
corporations on a network of production that extends beyond national 
boundaries, however, analyses that focus primarily on local or intra- 
national flows miss key issues regarding labor force availability and 
cost, agglomeration economies (especially those based on human capi- 
tal), and demand variation in the international marketplace. 

3) Growth theory has also contributed to understanding how regional varia- 
tions emerge within a nation. Two broad theoretical directions make up 



There are excellent summaries of the intellectual history of location theory in Smith (1977) 
and Richardson (1977). 

® See Alonso (1975), Isard (1956), Renner (1947), Smith (1971), and Weber (1929). 

See discussions in Alonso (1975) and Smith (1971). 

See Richardson (1977), discussion on pages 54 through 57, for example. 
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this field. For externally generated growth, or “export base” theory, pol- 
icy makers are directed to strengthen the export capacity of their regions 
(be it domestic or international “exports”). A drawback is that external 
linkages are viewed only in the context of trade, ignoring many other 
ways a firm can interact with the international economy. For growth fac- 
tors internal to the economy (eg. population and capital investment), the 
focus is on traditional growth models. However, this approach often fails 
to recognize the flow of factors of production and demand into and out 
of the region. Richardson (1977), in addressing the issue of mobility, 
points to an important characteristic of relevance to our work, comment- 
ing that “a substantial proportion of inter-regional capital flows takes 
place within existing corporations. This reflects the importance of multi- 
plant firms in a modem industrialized economy. 

A key distinguishing factor of the high-tech industry we study is its 
multi-regional nature. High-tech firms are generally multi-establishment and 
often have multi-national operations that draw inputs from across the globe. 
The effects of the industry are of importance to individual regions, but an 
understanding of these effects requires a perspective that goes beyond the 
geographic boundary of the region. 

1.2.4 New Economic Geography Theory 

As with the new international trade theory, the new economic geography 
theories apply broader assumptions to explain the complex patterns of indus- 
trial location within a specific country. Economies of scale play a key role 
here as well. However, there is another related factor, namely network links 
and externalities. Network links can explain a variety of locational decisions 
for high-tech industries, for both production sites and headquarter sites, that 
may be difficult to explain on the basis of other traditional factors. 

This approach is being increasingly applied in both theoretical and em- 
pirical works. On the theoretical side, a key reference for the new economic 
geography literature is Fujita, Krugman and Venables (2001). This theory 
demonstrates how increasing returns and transportation costs can lead to up- 
stream and downstream linkages and thus sustained agglomeration. On the 
other hand, the immobility of some resources can lead to centrifugal forces. 
One of the earliest empirical works addressing trade, industrial sectors and 
geographic regions in the “new economic geography” context is Naponen, 
Graham and Markusen (1993). A set of papers edited by Cox (1997) focus 



See Tiebout (1962), North (1955), and Thompson (1958). 
Richardson (1977), page 107. 
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on what it means to be a “local” area in a world dominated by global eco- 
nomic networks. Work by Saxenian also highlights the role of global link- 
ages in local centers ofhigh-tech economic activity. 

1.2.5 Globalization and A High-Tech Sub-National Region: 

The Case of California 

‘Tf all politics is local, then all economics is regional...' 

Barry Eichengreen 

This literature is key to studying the globalization of California’s high- 
tech industry. Trade issues are usually analyzed at the national level, but 
evidence indicates that global integration is important for the increasing spe- 
cialization and agglomeration effects seen at the level of regions within a 
country. This is consistent with the assertion by Howes and Markusen 
(1993) that “Any change in trading patterns ... will reverberate more power- 
fully on local economies than it does on the national economy.” This is par- 
ticularly true of highly open, fast growing, high-tech sectors. 

Sources of this agglomeration include: increasing returns to scale, net- 
work externalities, depth and mobility of labor markets, spillover effects, and 
a growing stock of international contacts, among others. However, this ag- 
glomeration also leads to higher wages, higher real estate prices, congestion, 
and generally higher costs of doing business, thus leading to a new level of 
sustained disparity between regions. The very nature of a nation-state, with 
its free flow of capital, labor, and goods and a uniform and homogeneous 
economic space gives rise to incentives of equalization. In other words, in- 
creased regional disparities in return-adjusted costs of doing business will 
spur firm and labor migration. 

The tension and interplay between these disparate forces — those of 
global economic integration and national market integration — determines the 
equilibrium level of regional differences, regional specialization, and ag- 
glomeration.^^ This interaction also determines the extent to which a region 
can retain a concentration and agglomeration of industries, even after an in- 
dustry “matures”. 

Our analysis of trade at the subnational region leads us to examine the 
extent to which individual regions — normally, individual states in the US 
context — should form an industrial and trade policy, and promote such poli- 



^^See Saxenian and Edulbehram (1998) and Saxenian, Motoyama and Quan (2002). 

Howes and Markusen (1993), page 10. 

Markusen (1993) argues that in addition to these forces, policies of “leading firms and host 
governments” are significant in determining the type of specialization and level of com- 
petitiveness of individual regions, not always deliberately (see page 286 of the work cited). 
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cies through trade organizations, state departments of commerce, and the 
local chambers of commerce. Given the concentration of “new economy” 
industries, the diversity of the industrial structure, openness to trade and its 
location, California is ideally suited to evaluate the theoretical literature dis- 
cussed above. 

The new economic geography and the analysis of global linkages of a re- 
gional agglomeration of a high-tech industry help in addressing a weak spot 
in the literature relating to the interaction between the two major economic 
forces of globalization and national market integration. This has specific 
relevance for economic policy in the context of external supply shocks. 
Global economic downturns could impact regions within a nation differen- 
tially, which may require significant regional responses and regional re- 
sources. 



1.3 POLICY ISSUES RAISED BY OUR ANALYSIS 

By way of coming attractions, we list here the major policy issues relat- 
ing to a high-tech economy, globalization, and regional concentration that 
are addressed in this book. Four key policy issues raised by globalization 
are: 

1) Low-cost foreign production of high-tech products creates a significant 
loss of manufacturing jobs in the industry’s home region. These job 
losses create pressure for protectionist policies to “keep the jobs at 
home”. 

2) The home region and country face a significant trade deficit (imports far 
exceeding exports) for the high-tech products. The trade deficit is used 
as a second argument to “keep the jobs at home”. Since many industries 
with high US trade deficits are not significant in California, for example 
auto production, a simple typology of imports as neutral (with little Cali- 
fornia presence), competing (where the presence is significant), and be- 
nign (where presence is significant but imports of inputs are critical) 
helps put state concerns in the context of national trade policy. 

3) The demand for highly skilled labor — for example, engineers — is very 
high in the headquarters’ region, leading to rising employment levels 
and rising wage rates for this sector of the work force. An inflow of for- 
eign engineers is one specific response to the rising demand for highly 
skilled workers. In contrast, as a result of the loss of manufacturing jobs, 
production worker jobs and wages fall, creating pressure for a policy so- 
lution. Policy proposals range from trade and immigration restrictions to 
job training for the displaced production workers. 
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4) Because high-tech activity tends to concentrate in a specific region, its 
labor market, foreign trade, and immigration effects are magnified. It is 
thus not surprising that the question whether trade benefits or displaces 
California businesses and workers has been a continuing debate in Cali- 
fornia political circles. 

While there is an extensive literature on the role of trade in the US econ- 
omy and case studies exist of the impacts of trade on specific industries or 
locales, the implications of foreign trade for a state’s economy are rarely 
studied. Our research leads us to the conclusion that foreign trade has a sig- 
nificant effect in expanding California’s growth industries, based on the ex- 
port capacity and profitability of these industries and on the state’s Pacific 
Rim location. We also find that foreign trade is contributing to the reshaping 
of job opportunities within the state, from manufacturing to non- 
manufacturing, and from blue-collar to white-collar, jobs. Five key issues 
raised for a regional state economy with a high-tech agglomeration are: 

1) Is global trade a significant factor in the growth of the region’s econ- 
omy? If so, does the trade have special impact on certain industrial sec- 
tors? 

2) Do local firms adjust their operations in order to compete in global mar- 
kets? If so, are there important changes in the firms’ location decisions 
or their production processes? 

3) Does global trade have a strong impact on the structure of the region’s 
labor market? And more specifically: 

a) Does trade change the occupational distribution within industries? 

b) Does trade affect the distribution of wages and employment between 
production and non-production workers, within and across indus- 
tries? 

4) How are a region’s export industries linked to economic conditions in 
other parts of the world? For example, does a region’s location, or the 
nature of its immigrant population, play an important role in determining 
the level and direction of trade? 

5) Should a regional state government attempt to encourage trade or to deal 
with the impacts of trade? If so, what are the best policy tools to use for 
this purpose? 



1.4 OUTLINE OF THE REST OF THIS BOOK 

Chapter 2 introduces the definitions and data sources applied in our study 
of high-tech industries and globalization. The statistical information is used 
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to provide an overview of the key issues resulting from the interaction of a 
high-tech regional economy with the forces of globalization. 

Chapter 3 reports on case-study research of the impact of globalization 
on California-headquartered, high-tech firms. The chapter reports on inter- 
views and related company information, focusing on the changing global 
networks in hardware, software, and services, and the implications of these 
changes for high-tech hubs in California and in other locations globally. 

Chapter 4 evaluates the impact that foreign outsourcing has on the mar- 
kets for skilled and unskilled workers in the US and California labor mar- 
kets. Econometric methods are used to evaluate whether manufacturing jobs 
lost in a recession to overseas locations represent temporary or permanent 
losses. The chapter quantifies the role played by globalization in increased 
inequality between skilled and unskilled workers and in restructuring by US 
and California firms during a downturn. It also analyzes the contribution of 
foreign outsourcing to increased value-addition in manufacturing, particu- 
larly in the high-tech sectors. 

Chapter 5 looks at the interaction of foreign outsourcing and intra-firm 
trade, the latter referring to trade between a multinational enterprise and its 
foreign affiliates. Econometric tests show that foreign outsourcing is increas- 
ingly taking place through intra-firm trade, and that this is particularly true 
for high-tech industries. 

Chapter 6 studies the global geography of California’s exports, specifi- 
cally those of the high-tech industry. A modified gravity model is employed 
to estimate the impact on exports of foreign born immigrants resident in the 
US and California and the spillover effect of transnational business net- 
works. The model also helps identify those regions of the world with which 
California has a strong trading affinity. 

Chapter 7 examines the actual and potential roles of regional policy in a 
world increasingly dominated by global networks. An overview of state- 
level programs throughout the US is followed by a more detailed examina- 
tion of the example of California, particularly in the context of our research. 
The chapter concludes with a summary of the options available at the state 
level for responding to the opportunities and challenges of a global econ- 
omy. 

Chapter 8 provides a summary of the book’s conclusions. 



Chapter 2 

Globalization and a High-Tech Economy 
A Statistical Overview of the Issues 



This chapter provides an overview of globalization and a high-tech econ- 
omy using the data sets we have assembled. The accompanying Appendix 
also offers insights into navigating the multiple data sources and definitions 
available for the study of high-tech industries. 

2.1 DEFINITION OF THE HIGH-TECH SECTORS 

In Chapter 1, we provided a conceptual definition of high tech based on 
four key features: innovation, skilled labor, regional agglomeration, and the 
separation of design and production activities. We now link this conceptual 
definition to the actual codes used for identifying industry affiliation in US 
data sources. Until 1997, the classification of industries in US government 
data was based on a system called the Standard Industrial Classification 
(SIC) codes. Beginning in 1997, the US government changed to a new cod- 
ing format, called the North American Industry Classification System 
(NAICS). Virtually all new data are now collected in the NAICS format, and 
a limited number of historical series have been converted from a SIC to a 
NAICS basis by government agencies. For the historical series which remain 
unconverted, we must create translation tables based on data collected on 
both a SIC and a NAICS basis for an overlapping year (usually 1997). Since 
the NAICS system is now the primary system for US government data, we 
state our definitions in terms of NAICS codes. We describe our methods for 
linking the unconverted historical SIC data to a NAICS basis in the Appen- 
dix. 
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2.1.1 High-Tech Manufacturing 

We begin with the high-tech manufacturing sector; in computer parlance, 
the hardware. The left side of Table 2-1 provides the statistical definition for 
high-tech manufacturing as NAICS code 3341 (Computers and Peripheral 
Manufacturing) and NAICS code 3344 (Semi-conductor and Related Manu- 
facturing).^ The right side of Table 2-1 provides a translation to the equiva- 
lent SIC codes, which are primarily components of SIC codes 357 and 367 
respectively.^ Table 2-2 provides the official descriptions of the codes. 

Defining an industry cluster requires decisions for what is and is not in- 
cluded. NAICS codes 3341 and 3344 provide a relatively narrow definition 
of high-tech manufacturing, but still cover the larger part of the high-tech 
electronics industry, while greatly simplifying data problems. Broader defi- 
nitions of high-tech manufacturing are frequently based on the American 
Electronics Association (AeA) definition.^ The industries included in NAICS 
codes 3341 and 3344, however, represent the largest part of the AeA defini- 
tion."^ 

Other research studies have adopted definitions specialized to their spe- 
cific topic. For example, in studies focused on the research activity of an in- 
dustry, or on the required skills of its primary workers, occupational codes 
may be used.^ To illustrate the range of possibilities, one study has tabulated 
fourteen different definitions found in the literature.^ Finally, we do not con- 
sider bio-tech, because the issues of bio-tech vary significantly from those of 
high-tech electronics, and would require a book of their own. 



^The NAICS 4-digit code 3341 has only one 5-digit component, namely 33411, so 3341 and 
33411 are identical. Similarly, NAICS codes 3344 and 33441 are identical. We refer to 
them in this book as 3341 and 3444. Both 3341 and 3344 have a number of 6-digit com- 
ponents; see Table 1. 

^ NAICS 3341 excludes part of SIC 3578 (calculating machines) and excludes all of SIC 3579 
(such as watch, clock, and pencil manufacturing). NAICS 3344 excludes part of SIC 3679 
(motor vehicle electronics) and adds parts of SIC 366 (telephone apparatus) and SIC 382 
(measuring instruments). 

^ For useful discussions of alternative definitions of high-tech see Cortright and Mayer (2001) 
Appendix B and DeVol (1999) page 34. 

^ The AeA definition also covers parts of SIC 365 (consumer electronics), SIC 366 (commu- 
nications equipment), SIC 382 (industrial electronics), SIC 386 (photonics), SIC 381 (de- 
fense electronics), and SIC 384 (photonics). 

See http://www.aeanet.org/Publications/IDMK_definition.asp. 

^ For example. Standard Occupational Codes (SOC) produced by the US Bureau of Labor 
Statistics are used by Wilkerson (2002). 

^See Sommers and Carlson (2000), Appendix B, “High Tech Industry Definitions”. 
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Table 2-1. NAICS Definition of High-Tech Manufacturing. 



NAICS 


Industry Name 




Links to SIC Codes 


Code 










3341 


Computer and Peripheral 
Manufflctyring £q 








334111 


Electronic Computer 
Manufacturing 


= 


3571 


Electronic Computers 


334112 


Computer Storage Device 
Manufacturing 


“ 


3572 


Computer Storage Devices 


334113 


Computer Terminal 
Manufacturing 


= 


3575 


Computer Terminals 


334119 


Other Computer Peripheral 
Equipment Manufacturing 


= 


3577 

+3578 


Computer Peripheral Eq NEC 
Calculating & Accounting Eq (pt) 




3344 


Semiconductor and Re- 
lated Manufacturing 








334411 


Electron Tube Manufactur- 
ing 


= 


3671 


Electron Tubes 


334412 


Bare Printed Circuit Board 
Manufacturing 




3672 


Printed Circuit Boards 


334413 


Semiconductor and Related 


= 


3674 


Semiconductors and Related De- 




Device Manufacturing 






vices 


334414 


Electronic Capacitor Manu* 
factoring 


- 


3675 


Electronic Capacitors 


334415 


Electronic Resistor Manu- 
facturing 


= 


3676 


Electronic Resistors 


334416 


Electronic Coil, Trans- 




3677 


Electronic Coils, Transformers, 




former* etc. Manufacturing 




+3661 

+3825 


Telephone Apparatus (pt) 
Measuring Instruments (pt) 


334417 


Electronic Connector Manu- 
facturing 


= 


3678 


Electronic Connectors 


334418 


Printed Circuit Assembly 
Manufacturing 




3679 

+3661 


Computer Peripheral Eq (pt) 
Telephone Apparatus (pt) 


334419 


Other Electronic Compo- 
nent Manufacturing 


=i 


3679 


Electronic Components, NEC (pt) 


Abbreviations: 








Eq = equipment; NEC = not elsewhere classified. 

(pt) indicates that only that part of the SIC oode is included in the NAICS code. 


Source: US Census Bureau, '‘Bridge Between NAICS and SIC", EC97X-CS3 (June 2000). 
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Table 2-2. NAICS Code Description of High-Tech Manufacturing Industries. 

3341 Computer and Peripheral Equipment Manufacturing 

Ttiis industry comprises establishments primarily engaged in manufacturing and/or assem- 
bling electronic computers, such as mainframes, personal computers, workstations, laptops, 
and computer servers; and computer peripheral equipment, such as storage devices, print- 
ers, monitors, input/output devices and tenninals. Computers can be analog, digital, or hy- 
brid, Digital computers, the most common type, are devices that do all of the following; (1) 
store the processing program or programs and the data immediately necessary for the exe- 
cution of the program; (2) can he freely programmed in accordance with the requirements 
of the user; (3) perform arithmetical computations specified by the user; and (4) execute, 
without human intervention, a processing program that requires the computer to modify its 
execution by logical decision during the processing run. Analog computers are capable of 
simulating maihematica! models and comprise at least analog, control, and programming 

elements. 

3344 Semiconductor and Other Electronic Component Manufacturing 
This industry comprises establishments primarily engaged in manufacturing semiconduc- 
tors and other components for electronic applications. Examples of products made by these 
establishments are capacitors, resistors, microprocessors, bare and loaded printed circuit 

boards, electron tubes, electronic connectors, and computer modems. 

Source: US Bureau of the Census: http://www.census.gov/epcd/www/NAICS.htm l . 



2.1.2 High-Tech Services 

High-tech services — in computer parlance the software — include: 

• Computer systems design and related services, 

• Software publishers, 

• On-line information services, 

• Data processing services. 

The left side of Table 2-3 shows the NAICS codes for these industries, and 
Table 2-4 provides the official descriptions of these codes. The right side of 
Table 2-3 translates the NAICS codes into their SIC equivalents, all compo- 
nents of SIC 737 (Computer Programming, Data Processing, and Other 
Computer Related Services).^ SIC code 737 represents the core definition of 
high-tech service industries in many other studies as well.^ 



^ Unlike the SIC 737 definition, the NAICS definition drops software reproduction, which is 
now considered a manufacturing process (NAICS 33461 1), and computer leasing and 
store retailing and repairing computers, now designated as leasing or retailing activities. 
Wilkerson (2002) adopts these adjustments but also includes NAICS codes 514110 (news 
syndicates) and 514120 (libraries and archives), which do not fit our concept of high-tech. 

^ Cortright and Mayer (2001) adopt exactly SIC code 737 as their definition. DeVol (1999) 
also adopts SIC code 737, but adds SIC 781 (motion picture production and services), SIC 
871 (engineering and architectural services), and SIC 873 (research and testing services). 
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Table 2-3. NAICS Definition of High-Tech Services. 



NAICS 

Code 


Industry Name 


Links to SIC Codes 


5415M 


Computer Program Services == 


7371 


Computer Programming Services 


541512 


C 0 mputer Systems Design - 

Services 


7373 

+7379 


Computer Systems Design 
Other Computer (pt) 


541513 


Computer Facilities Ser- ~ 

vices 


7376 


Computer Facilities Services 


541519 


Other Computer Related 
Services 


7379 


Other Computer Services (pt) 


511210 


Software Publishers - 


7372 


Software Publishers 


514191 


On-Line Information Ser- = 

vices 


7375 


Information Retrieval Services 


514210 


Data Processing Services = 


7374 


Computer Processing and Data 
Services 


(pt) indicates that only that part of the SIC code is counted in the NAICS code. 


Source: US Census Bureau, ^'Bridge Between NAICS and SIC”, EC97X-CS3 (June 2000). 



Table 2-4. NAICS Code Descriptions of High-Tech Service Industries. 

54151 Computer Systems Design and Related Services 
(- 541511 + 541512 + 541513 + 541519) 

This industry comprises establishments primarily engaged in providing expertise in the field 
of information technologies through one or more of the following activities; (1) writing, 
modifying, testing, and supporting software to meet the needs of a particular customer; (2) 
planning and designing computer systems that integrate computer hardware, software, and 
communication technologies; (3) on-site management and operation of clients' computer 
systems and/or data processing facilities; and (4) other professional and technical computer- 

related advice and services. 

51 1210 Software Publishers 

This industry comprises establishments primarily engaged in computer software publishing 
or publishing and reproduction. Establishments in this industry carry out operations neces- 
sary for producing and distributing computer software, such as designing, providing docu- 
mentation, assisting in installation, and providing support services to software purchasers. 

These establishments may design, develop, and publish, or publish only. 

514191 On-Line Information Services 

This US industry comprises Internet access providers, Internet service providers, and similar 
establishments primarily engaged in providing direct access through telecommunications 

networks to computer-held in Format ion compiled or published by others. 

514210 Data Processing Services 

This industry comprises establishments primarily engaged in providing electronic data proc- 
essing serv'ices. These establishments may provide complete processing and preparation of 
reports from data supplied by customers; specialized services, such as automated data entry 
services; or may make data processing resources available to clients on an hourly or time- 

sharing basis. 

Source. US Bureau of the Census; http://www.census.gov/epcd/www/NAICS,html . 
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2.2 HIGH-TECH ACTIVITY 

We start with high-tech manufacturing shipments.^ Figure 2-1 shows the 
annual shipments starting in 1987 for the two components of our definition 
of high-tech manufacturing, computers and peripheral equipment (NAICS 
3341) and semiconductors and related manufacturing (NAICS 3344). Figure 
2-1 vividly displays the great computer boom of the 1990s for the two cate- 
gories of high-tech shipments. However, both the beginning and the end of 
the decade reflect recessions. The recession from the late 1980s through 
1991 led to little or no growth in high-tech shipments. The recession at the 
end of the 1990s led to significant declines in both categories of high-tech 
manufacturing shipments. Sources of the latter downturn include the end of 
the dot-com period and the economic recession that followed. 

Next we consider the activity level for high-tech services, which we 
measure as annual revenues, since shipments data are not available. Figure 
2-2 shows annual high-tech service sector revenues, as well as the total high- 
tech manufacturing shipments (the sum of the two curves shown in Figure 2- 
1). The overall activity levels for the manufacturing and service components 
of the high-tech industry are roughly equal in magnitude. However, high- 
tech services have been growing at a substantially faster pace. For the boom 
decade of the 1990s, the average annual (compounded) growth rate of high- 
tech service revenues is 14.1% annually, whereas the growth rate of high- 
tech manufacturing shipments is 8.5% annually. In comparison, the nominal 
growth rate of the US economy during this period, based on gross domestic 
product (GDP), was 5.5%. Thus, both sectors of the high-tech economy per- 
formed very well, but high-tech services was the star performer. 

Due to the current unavailability of service sector revenue data after 
2000, we cannot determine the impact of the recession of the early 2000s on 
high-tech service revenues. However, high-tech service employment levels 
are available through 2002, and they indicate only a limited impact of the 
recession (see Figure 2-4 below). This contrasts with the sharp decline in 
shipments of manufactured high-tech goods starting in 2000. One explana- 
tion for the limited recessionary impact on high-tech services is that they 
depend to an important extent on the installed computer base, which keeps 
rising, whereas high-tech manufacturing shipments depend on the growth 
rate of the computer base, which fell sharply during the recession. 



^ Sources for all figures in this chapter are provided in the chapter’s Appendix. 
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Figure 2-1. Annual US Shipments, High-Tech Manufacturing. High-tech manufacturing cov- 
ers computers (3341) and semiconductors (3344). NAICS codes in parentheses. Source: An- 
nual Survey of Manufactures, US Census Bureau. See Appendix for details. 
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Figure 2-2. Annual Activity, US High-Tech Manufacturing and Services. High-tech service 
activity is the total revenue for computer design (54151), software publishing (511210), on- 
line services (514191), and data processing (514210). Data for high-tech services are not cur- 
rently available beyond 2000. NAICS codes in parentheses. Sources: For services. Service 
Survey Annual, US Census Bureau; For manufacturing. Figure 2-1. See Appendix for details. 
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Figure 2-3. US Producer Prices (Quality Adjusted) for High-Tech Manufactured Products. 
Source: Producer Price Index, US Bureau of Labor Statistics. Indices set for 1992 = 100. 

2.3 HIGH-TECH PRICES 

Many factors were responsible for the high-tech boom of the 1990s. Here 
we focus on one factor that is particularly relevant to this book, the rapidly 
falling prices for high-tech products. Figure 2-3 compares quality-adjusted 
producer prices for the overall manufacturing sector with several products 
within the high-tech domain. Overall manufacturing sector prices, shown as 
the slightly rising line at the top of Figure 2-3, rose at a 1.3% average annual 
inflation rate over the period. In contrast, prices for all four high-tech prod- 
ucts fell dramatically. Personal computer prices had the greatest decline, a 
25.4% annual J^flation rate, and total semiconductor product prices had the 
smallest decline, a 5.2% annual deflation rate. As one explanation for the 
more rapidly falling computer prices, Aizcorbe, Flamm, and Khurshid 
(2002) note that semiconductor price declines varied significantly across 
product types, with the greatest declines for semiconductor products used in 
computers (such as DRAM chips and microprocessors). 

The price indices in Figure 2-3 are all quality adjusted, meaning they cor- 
respond to products of fixed technical ability throughout the period. Thus, 



Holdway (2001) discusses how the Bureau of Labor Statistics adjusts computer prices for 
quality change. 
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if the actual market prices for computer products were constant, the quality- 
adjusted prices would be falling because the quality of the shipped products 
was rising. This implies that the rising trends in Figures 2-1 and 2-2 for 
high-tech activity actually understate the rise in quality-adjusted activity, 
since the quality of the products and services is itself rising. On the other 
hand, the computer shipments data may or may not understate the actual 
number of computers shipped, since this depends on the trend in market 
prices for the computers sold, whatever their quality. Indeed, to measure the 
number of units shipped over time would be quite misleading, as the ma- 
chines sold a decade ago are essentially different products from the ma- 
chines sold today in terms of their performance. 

Producer price indices for high-tech services, comparable to the hardware 
prices shown in Figure 2-3, have been reported by the Bureau of Labor Sta- 
tistics only since 1998. These prices show disparate trends: for example, ap- 
plication software prices rose by 4.7% from 1998 to 2002, while computer 
game software prices fell by 45.1%. The Bureau of Economic Analysis has 
also reported an implicit price deflator for computer programming, data 
processing, and related services for a longer period (since 1987). Prices in 
this aggregate sector have changed very little over this time period, with the 
2001 index about 4% above the 1987 level. A chained price index is also 
available for software (in aggregate, dating back as far as 1959). This index 
shows a modest decline of 12.9% in software prices between 1990 and 1998, 
with an increase of 4% between 1998 and 2001. Market domination by a few 
firms in some key software sectors may be one of the reasons that software 
prices have fallen less overall than have hardware prices. 

2.4 HIGH-TECH EMPLOYMENT AND PRODUC- 
TIVITY 

We now look at employment in US high-tech industries. Figure 2-4 
shows the number of workers (in thousands) employed in high-tech manu- 
facturing and services industries. High-tech service employment is clearly 
the growth leader, adding more than 1.5 million jobs between 1987 and 
2001, and then losing only 10,000 jobs in the recession through 2002. In 
contrast, the number of semiconductor manufacturing jobs is approximately 
constant at the level of 550,000, and more than 100,000 jobs were lost due to 
the recession starting in 2000. For computer manufacturing, there is a steady 
job loss, except for a brief uptick during the dot-com boom, such that more 
than 160,000 jobs were lost between 1987 and 2002. By 2002, high-tech ser- 
vice sector jobs exceed high-tech manufacturing jobs by a ratio of more than 
three to one. 
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Figure 2-4. US Employment for High-Tech Manufacturing and Services. Definitions of high- 
tech manufacturing and services as in Figures 2-1 and 2-2. NAICS codes in parentheses. 
Source: County Business Patterns, US Census Bureau. See Data Appendix for details. 
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Figure 2-5. US Average Annual Worker Productivity, High-Tech Manufacturing and Ser- 
vices. Average productivity = annual activity level (shipments or revenues)/employment. 
Productivity data are not currently available for services after 2000. NAICS codes given in 
parentheses. Sources: See Figures 2-1, 2-2, and 2-4. 
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Figure 2-5 combines the information we have on high-tech activity and 
high-tech employment to show the average worker productivity, defined as 
annual activity/average employment. High-tech service sector productivity is 
lower than productivity in either high-tech manufacturing sector. This is un- 
derstandable, since labor is the primary input factor for the service industry, 
and thus revenue and employment will generally move together. The grow- 
ing productivity in the manufacturing sectors is driven by three key factors: 

1) Technological advances in manufacturing methods allow rising output 
per worker. 

2) More capital-intensive production methods — machines replacing work- 
ers — also raise productivity. 

3) Material inputs are increasingly imported from foreign sources, thus 
raising worker productivity. 

The third factor is particularly important for the computer industry, and is 
a likely source of the high growth rate and high level of its productivity 
(over $450,000 of annual output per worker in 2002).^^ The decline in manu- 
facturing productivity after 2000 is no doubt due to the recession. Productiv- 
ity data are not yet available for high-tech services after 2000. 

2.5 HIGH-TECH INTERNATIONAL TRADE 

2.5.1 Trade in High-Tech Manufactured Goods 

Figure 2-6 shows trade data for computers and peripherals (NAICS 3341) 
since 1989. Exports and imports generally grew until the recession starting 
in 2000. Imports, however, grew faster than exports, so that the net US trade 
position in computer related manufactured goods switched from a surplus to 
a deficit in 1993, and that deficit has grown almost every year since, reach- 
ing almost $35 billion by 2002. 

Figure 2-7 shows the corresponding trade data for semiconductors and 
related manufactured goods (NAICS 3344). Here too, imports and exports 
generally grew until 2000. A trade deficit in semiconductors has existed at 
least since 1989, reaching a peak deficit level of about $35 billion in 1995. 
Since that time, this trade deficit has moderated, reaching a deficit level of 
about $10 billion in 2002. Combining NAICS codes 3341 and 3344, the net 
US trade position in high-tech manufactured electronic goods has had a con- 
tinuing and significant trade deficit (see Figure 2-9 below). 



The strong growth in high-tech manufacturing is further discussed in Oliner and Sichel 
(2002) and Stiroh (2002). 
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Figure 2-6. US International Trade, Computers and Peripherals (NAICS 3341). The bar 
graphs shows US exports and imports for NAICS 3341 (left axis). The line graph shows the 
US trade position in NAICS 3341 (right axis). Source: US International Trade Commission. 
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Figure 2-7. US International Trade, Semiconductors and Related Manufacturing (NAICS 
3344). The bar graphs shows US exports and imports for NAICS 3344 (left axis). The line 
graph shows the US trade position in NAICS 3344 (right axis). Source: see Figure 2-6. 
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Figures 2-6 and 2-7 demonstrate that while the US dominates the world 
economy for high-tech electronics, the country has systematically imported 
more of these goods than it has exported. Understanding this phenomenon is 
a major goal of this book. One key point is that the US high-tech economy 
has steadily and increasingly used low-cost foreign production centers to 
manufacture its hardware. The foreign plants are owned either by the foreign 
affiliates of US parents or by independent contractors. In either case, the 
benefit is that high-tech hardware costs keep falling, which in turn has led to 
rising hardware sales (in both the US and abroad). The US economy benefits 
from this growth in two fundamental ways. First, as we have already seen, 
activity levels and employment in US high-tech service industries have 
grown steadily and rapidly (recall Figures 2-2 and 2-4), offsetting any de- 
clines in high-tech manufacturing. Second, US companies benefit directly 
from off-shore, high-tech, production in terms of royalties and earnings from 
foreign direct investment. We now look at these data. 

2.5.2 Trade in High-Tech Services 

Figure 2-8 shows the major components and total for the US trade bal- 
ance in high-tech services. High-tech net royalties (receipts minus payments) 
is the largest component and has been rising steadily. Earnings on high-tech 
foreign direct investments are the second largest component, but have fallen 
since 2000 due to the recession-based decline in the profits of the foreign 
affiliates of US multinational companies (MNCs). High-tech net sales of 
services by US resident firms is the third and smallest of the components. 

Figure 2-9 provides a summary of the overall contribution of high-tech 
electronic industries to the US trade position, using data already presented in 
Figures 2-7 and 2-8. High-tech manufactured goods created a continuing 
trade deficit, reaching over $55 billion in 2000, prior to the recession of the 
early 2000s. High-tech services, in contrast, created a continuing trade sur- 
plus, reaching about $26 billion in 2000. The overall effect is still a trade 
deficit, but the magnitude is significantly moderated by the trade surplus in 
services. Furthermore, these data do not incorporate the additional benefits 
to the US economy resulting from the profits earned by US high-tech firms 
and the net amount of domestic jobs created. 

The US trade deficit in manufactured high-tech goods is particularly in- 
triguing in two respects. First, as shown in Figure 2-9, the US is a net im- 
porter of the same manufactured high-tech products for which it dominates 
the world technology. Second, as shown in Figures 2-6 and 2-7, the US si- 
multaneously imports and exports large quantities of these high-tech prod- 
ucts. 
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Figure 2-8. US International Trade Balances, High-Tech Services. US international trade in 
high-tech services consists of the three components shown. Sources: “U.S. International Ser- 
vices” in Survey of Current Business, October 2002, and “U.S. Direct Investment Abroad” in 
Survey of Current Business, September 2002. See Data Appendix for details. 




Figure 2-9. US International Trade Balances, High-Tech Manufacturing and Services. The 
trade balance in high-tech manufactured goods is the sum of the trade balances for NAICS 
codes 3341 and 3344, from Figures 2-6 and 2-7 respectively. The trade balance in high-tech 
services is from Figure 2-8. Sources: See Figures 2-6, 2-7, and 2-8. 
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2.5.3 Imported Intermediate Inputs 

Imported intermediate inputs provide an explanation for the two-way pat- 
tern of US international trade in manufactured computer products. Inputs are 
imported from abroad to take advantage of the low costs available in foreign 
production centers. The imported parts are assembled into complete prod- 
ucts, and then either sold to the US market or exported abroad. For some 
firms, such as Dell Computers, their products consist primarily of imported 
inputs, with only the final assembly, possibly only the final shipping, taking 
place in the US. 

The importance of imported inputs to industries can be most readily 
demonstrated by computing import shares, defined as: 

Import Share l i PPP — 

Shipments + Imports - Exports 

The denominator of the ratio is the total supply of goods available to satisfy 
domestic demand. The import share is thus the percentage of total domestic 
demand satisfied by imports. 

Table 2-5 shows the top 12, 4-digit, NAICS industries in the order of 
their import share ranking for 2000, as well as the data used to compute the 
import shares. The list represents the “usual suspects” for industries for 
which the US economy has large amounts of imports: consumer electronics, 
footwear and clothing (including leather), and motor vehicles. 

The high-tech industries, NAICS 3341 and 3344, also rank among these 
top industries for import shares. In both cases, approximately 50% of the 
domestic market is served through imported products. Furthermore, the two 
industries rank 2*^ and 3^^ among all 4-digit NAICS industries for imports 
(motor vehicles are number 1) and 1** and 3”* for exports. Finally, the two 
industries rank 4**^ and 1 1 among all the 4-digit NAICS industries for ship- 
ment volume. Overall, Table 2-5 provides a strong demonstration of the key 
role that global trading plays for our high-tech industries. 

An industry can have a high import share for two different reasons: 

1) Large amounts of finished products are directly imported into the US for 
sale to consumers. 

2) Large amount of imported inputs are used in the US for producing the 
final goods. 

Both forces may be active in an industry, and import shares by themselves 
cannot identify which is the primary factor for a given industry. For exam- 
ple, motor vehicle imports into the US include both cars fully assembled 
abroad and components that will be assembled into finished cars in the US. 
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Industries with both high import shares and high export amounts, however, 
provide a signal that a significant part of the imports are inputs to the pro- 
duction process, since it would not make sense for an industry to import and 
to export the same finished goods It is noteworthy in this regard that 
NAICS 3341 and 3344 are the only industries in Table 2-5 for which their 
exports are as close as or closer to the top ranking (i.e. #1) than are their 
imports. Chapter 4 provides a more complete discussion of the key role per- 
formed by imported inputs in the US high-tech industries. 

Table 2-5. US Import Shares and Related Data for the Top J2, 4-Digit, NAICS Code Indus- 



tries, 2000. 











£ Billions 






Rank 




Code 


Industry 

Name 


Import 

Share 


Im- 

ports 


Ex- 

ports 


Ship- 

ments 


Imp. 

Sh. 


Im- 

ports 


Ex- 

ports 


Ship- 

ments 


3343 


Audio & 
video 


84.8% 


28.7 


4.2 


9.3 


1 


10 


38 


77 


3162 


Footwear 


8L0% 


14.5 


0.4 


3.8 


2 


18 


80 


84 


3169 


Leather & 
allied 


72.4% 


4.9 


0.8 


2.7 


3 


40 


73 


86 


3152 


Cut & sew 
apparel 


58.3% 


58.4 


6.3 


48.0 


4 


4 


27 


31 


3314 


Non ferrous 
metal 


57.3% 


18.0 


104 


23.7 


5 


15 


18 


57 


3159 


Apparel ac- 
cessories 


52.9% 


3.6 


1.4 


4.6 


6 


50 


57 


83 


3341 


Computer & 
peripheral 


51.0% 


68.5 


44.3 


11 0.0 


7 


3 


3 


11 


3161 


Leather & 
hide tanning 


50.4% 


2.0 


L2 


3.2 


8 


64 


64 


85 


3344 


Semi- 

conductors 


48.7% 


98.1 


65.2 


168.5 


9 


2 


I 


4 


3399 


Other miscel- 
laneous 


48J% 


48.5 


9.8 


6L0 


10 


5 


20 


20 


3333 


Commercial 

Machinery 


38.6% 


12.4 


8.4 


28.1 


11 


22 


24 


48 


3361 


Motor Vehi- 
cles 


37.4% 


129.4 


23.0 


239.4 


12 


1 


8 


1 



Import shares measure the percentage of a product's final US demand that is served by im* 
ports. Final demand is measured as Shipments + Imports - Exports. The import share formula 
is; Import share = I mpDrts/( Shipments + Imports - Exports). Data sources: for shipments, see 
Figure 2 - 1; for imports and exports, see Figure 2-6. 



The auto industry represents an exception in this regard, since US manufacturers are ex- 
porting American-made cars at the same time that foreign manufacturers are importing 
foreign-made cars into the US. 



A Statistical Overview of the Issues 



35 



2.6 A REGIONAL HIGH-TECH ECONOMY: 

THE CALIFORNIA CASE STUDY 

California’s Gross Domestic Product now represents just under 14% of 
the overall US economy, making the state the world’s fifth largest economy 
by this measure. Beyond size, a primary feature of the California economy is 
the intensity of its high-tech industries, as illustrated by Silicon Valley in 
Northern California. In this section, we look at the relevant statistical fea- 
tures of California as our case study. The discussion documents why Cali- 
fornia is an excellent example of a high-tech, regional economy and demon- 
strates the essential role of globalization for such an economy. 

2.6.1 The Key Role of California’s High-Tech Industries 

We use a statistical measure known as the location quotient to demon- 
strate the importance of high-tech industries for California. A location quo- 
tient equals the ratio between the share one industry represents as a percent- 
age of the regional economy (California) and the share that the same indus- 
try represents as a percentage of the total US economy: 

T t* o t’ t - State Share _ (State industry/State aggregate) 

Industry US Share (US industry/US aggregate) 

If an industry’s regional share equals its national share, then the location 
quotient is 1.0. A location quotient greater than 1.0 indicates the industry is 
more important in the regional economy than in the national economy, and 
vice versa if a location quotient is less than 1.0. Location quotients can be 
computed for any industry activity, such as employment and sales. 

Table 2-6 shows California’s employment location quotients for 2-digit 
NAICS industries, ranked from highest to the lowest. The two highest are 
Professional, Scientific, and Technical Services (NAICS 54) and Informa- 
tion Services (NAICS 51). These two 2-digit NAICS codes include all our 
high-tech service industries. Other high-ranking sectors, such as real estate, 
arts, and forestry are also understandable. The location quotient for Califor- 
nia’s manufacturing sector (NAICS 31), is below average, at only 94% of 
the US level. We next look at 3- and 4-digit California location quotients. 



In principle, trade linkages between California and the other states of the US could also be 
studied, and these would certainly be of interest. Unfortunately, virtually no data are avail- 
able for inter-state trade by industry. Indeed, the need to collect customs duties is the pri- 
mary reason that international trade data are readily available. 
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Table 2-6. California Employment Location Quotients for 2*Digit NAICS Code Industries. 



2-Digit 
NAICS Code 


Industry 


Employment Location Quotient 


54 


Professional, scientific Sc technical 


138 


51 


Information services 


132 


53 


Real estate 


137 


71 


Arts, entertainment Sc recreation 


1.26 


n 


Forestry, fishing, agriculture 


1T7 


42 


Wholesale trade 


1.17 


56 


Waste Management 


1.13 


23 


Construction 


1.02 


72 


Accommodation & food services 


LOO 


48 


Transportation 


0.98 


31 


Manufacturing 


0.94 


81 


Other services 


0.93 


52 


Finance Sc insurance 


0.92 


61 


Educational services 


0.92 


55 


Enterprise Management 


0.90 


44 


Retail trade 


0.89 


62 


Health care 


0.83 


22 


Utilities 


0.69 


21 


Mining 


0.38 


Employment Joeation quotients equal each industry’s 


percentage of total California employ- 


ment relative to that industry’s percentage of total US employment. Data source: County Bush 
ness Fanerns 2000, US Census Bureau. 



2.6. 1.1 California Location Quotients for High-Tech Manufacturing 

Table 2-7 shows California’s location quotients for 3- and 4-digit NAICS 
manufacturing industries for 2000. Part A of the table shows location quo- 
tients for the top ten, 3 -digit, NAICS manufacturing codes. Industries are 
listed in the order of their location quotient based on shipments. Computers 
and Electronics (NAICS 334) ranks first by a large margin; our two 4-digit 
high-tech industries. Computers (NAICS 3341) and Semiconductors 
(NAICS 3344), are both included within this 3-digit category. The only seri- 
ous competitor is Apparel Manufacturing (NAICS 315). While this may sur- 
prise some. Southern California benefits from a major apparel industry, re- 
flecting the state’s proximity to Far Eastern and Mexican suppliers and la- 
bor. 

Table 2-6 showed that California is less intensive in manufacturing than 
is the overall US economy. This is confirmed in part A of Table 2-7, which 
shows location quotients less than 1.0 for industries beyond the top 6. Part A 
of Table 2-7 also shows California location quotients based on other industry 
measures, such as material costs and value added. Computers and Electron- 
ics is either first or second (with Apparel manufacturing again the only com- 
petitor) for each of the alternative measures. 



Table 2-7. California Location Quotients for 3-Digit and 4-Digit NAICS Code Manufacturing Industries 
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Part B of Table 2-7 shows location quotients for the top- 10, 4-digit, 
NAICS codes (again based on shipment values). Our two high-tech sectors. 
Computers (NAICS 3341) and Semiconductors (NAICS 3344) rank first and 
fifth among the 4-digit manufacturing location quotients for California. The 
quotients indicate that these California industries exceed the nation’s inten- 
sity by factors of 3.08 and 2.50 times respectively. Other top- 10 industries 
include two other technical sectors (NAICS 3345 and 3346).^"^ 

The NAICS 3341 and 3344 location quotients for material costs exceed 
the corresponding quotients for shipments, indicating an extensive use of 
material inputs. This is another indicator of the key role of outsourcing for 
high-tech production. The location quotients for the number of employees, in 
contrast, are lower than the quotients for shipments and material costs, indi- 
cating that material inputs and capital intensive techniques are substituted for 
labor. This is consistent with the falling trend for high-tech manufacturing 
employment and the rising trend for average high-tech manufacturing labor 
productivity, shown earlier in Figures 2-4 and 2-5. 

2.6. 1.2 California Location Quotients for High-Tech Services 

Table 2-8 shows California’s employment location quotients for the 
NAICS 5 1 and 54 service industries for the year 2000. The top two service 
industries are motion pictures and recording, clearly key industries for Cali- 
fornia. Two high-tech industries. Software Publishers and Information Ser- 
vices come next, while Computer Systems Design and Data Processing ser- 
vices follow on the list. The relatively low quotient for Data Processing re- 
flects the efficiency of distributing processing centers across the country. 

2.6.1.3 Location Quotients for Silicon Valley California 

Location quotients can be computed for areas smaller than a state. Figure 
2-10 shows the largest employment location quotients for Santa Clara 
County, the home of Silicon Valley. For high-tech sectors such as com- 
puters, semiconductors, and software publishers, the location quotients are 
above 10.0. Indeed, all of the industries with location quotients greater than 

4.0 fall within the high-tech cluster. Five of these are manufacturing sectors, 
accounting for over 125,000 jobs (61% of the county’s manufacturing jobs). 
Four of the remaining five are services sectors, accounting for close to 

80.000 additional jobs. Wholesale trade in electronic goods (27,000 jobs) is 
also among the top ten Santa Clara County location quotients. 



It is also not surprising that fruit and vegetable manufacturing (NAICS 3114) and medical 
equipment and supplies (NAICS 3391) appear as intensive industries for California. While 
some of the other industries may seem perplexing in terms of their 4-digit descriptions, 
there must be a specialized industry at the 5-digit level. 
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Table 2-8, California Employment Location Quotients for 4-Digit NAICS Service Codes 



4-Digit Components of NAICS 5 1 and 54 


Employment Location 


NAICS 


Industry Name 


Quotient 


5121 


Motion picture & video industries 


2.90 


5122 


Sound recording industries 


2.76 


5112 


Software publishers 


2.28 


5141 


Information services 


2.17 


5412 


Accounting, tax prep, bookkeeping, etc. 


2.16 


5417 


Scientific R&D services 


1.72 


5414 


Specialized design services 


1.38 


5415 


Computer systems design 


1.37 


5418 


Advertising & related services 


1.26 


5413 


Architectural, engineering & related 


1.17 


5416 


Management, sci & tech consulting 


1.10 


5411 


Legal services 


1.07 


5142 


Data processing services 


1.03 


5132 


Cable networks & programs 


1.02 


5419 


Other professional, scientific, technical 


0.99 


5131 


Radio & television broadcasting 


0.99 


5133 


Telecommunications 


0.93 


5111 


Database, Newspaper, etc. 


0.90 


Data source: County Business Patterns., 2000, US Census Bureau. 
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Figure 2-10. Employment Location Quotients for 4-Digit NAICS Codes With the Largest 
Employment in Santa Clara Country. Data source: County Business Patterns, 2000, US Cen- 
sus Bureau. 
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Figure 2-11. Shipments for California High-Tech Manufacturing. High-tech manufacturing 
covers computers (3341) and semiconductors (3344). NAICS codes in parentheses. Source 
Annual Survey of Manufactures, US Census Bureau. See Appendix for details. 
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Figure 2-12. California Employment in High-Tech Industries. For definitions of sectors, see 
Figure 2-4. Source: County Business Patterns, US Census Bureau. See Appendix for details. 
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2.6.2 Trends in California’s High-Tech Industries: Shipments, Em- 
ployment, and Productivity 

Figure 2-11 provides a time series view of shipments in California’s two 
high-tech manufacturing industries/^ The bar graphs show that the dollar 
volume of high-tech shipments (measured on the left axis) have been stead- 
ily growing over the period, although computer shipments (NAICS 3341) 
actually decline slightly after 1998. The line graphs (measured on the right 
axis) show that California’s share of US high-tech shipments has been rela- 
tively stabile, with some upward gain in California’s share of computer 
shipments. Unfortunately, high-tech service revenue data, comparable to that 
shown in Figure 2-2 for the US, are not available on a state basis. 

Figure 2-12 provides a time series view of employment in California’s 
high-tech industries. The bar graphs (measured as thousands ofjobs on the 
left axis) show that California employment in high-tech manufacturing has 
been generally falling, while high-tech services employment has been rap- 
idly rising. The line graphs (measured on the right axis) show that Califor- 
nia’s share of US high-tech manufacturing employment was also falling, at 
least through 2000. California’s share of US high-tech service employment 
has been steady, but it appears to have moved higher since 2000. Overall, 
employment in California’s high-tech industries generally parallels the US 
trends. 

Figure 2-13 provides views of average labor productivity in California’s 
high-tech manufacturing industries. The bar graphs show that average labor 
productivity (measured on the left axis) has been steadily and rapidly rising 
in both industries, similar to the US data shown earlier in Figure 2-5. The 
line graphs (measured on the right axis) show that, in fact, growth in produc- 
tivity in both California industries has significantly outpaced the comparable 
growth for the US, such that, by 2000, California computer productivity 
(NAICS 3341) is 40% higher than US computer productivity and California 
semiconductor productivity (NAICS 3344) is almost 20% higher than the US 
equivalent. As discussed further by Daly (2002) and Wilson (2002), Califor- 
nia productivity has significantly exceeded the US value for a wide range of 
industries in recent years, with California’s high-tech industries leading the 
way. One intriguing explanation is a ‘‘Silicon Valley Effect”, based on the 
unique firm structures, workplace practices, and intra-firm spillover effects 
that characterize the California high-tech industries, in line with the research 
of Saxenian(1994). 



The time series data shown in Figures 11, 12, and 13, all end in the year 2000 due to the 
current unavailability of California data beyond that year. 
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Figure 2-12. California Average Worker Productivity, High-Tech Manufacturing. Average 
productivity = annual shipments/employment. Sources: See Figure 2-11 for manufacturing 
shipments; See Figure 2-12 for employment data. 

24 % 




Figure 2-14. Imports and Exports Through California Ports, as Percent of US Total. Source: 
Calculated by the authors from the following data: California data are from the California 
Department of Finance; US data are from the Bureau of Economic Analysis, International 
Transactions Account Data. 
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2.6.3 International Trade in California’s High-Tech Industries 

Three datasets link California’s economy with international trade: 

1) Import and export activity through California ports. 

2) California exports (but not imports). 

3) US trade patterns applied to California industries. 

2.6.3.1 Activity Through California Ports 

California has three major ports, San Francisco, San Pedro Bay (Los An- 
geles and Long Beach), and San Diego. The San Pedro port is the largest in 
the US and the third largest in the world. As shown in Figure 2-14, the Cali- 
fornia port share of total US trade is now about 20%. This amount has about 
doubled over the last thirty years, due to (a) increasing trade with Asian 
countries and (b) growth in California and other western-state economies. 
Exports through California custom districts, however, do not necessarily 
originate in California, and imports through California ports need not be des- 
tined for California locations. Therefore, further data sources are needed to 
fully determine how trade interacts with California’s high-tech economy. 

2.6.3.2 California Exports 

The US Census Bureau in affiliation with the Massachusetts Institute for 
Social and Economic Research (MISER) now estimates state exports based 
on information provided by shippers. Import data on a state basis, however, 
are not available due to the difficulty of determining the destination state for 
US imports. State level trade data for services are also not available. 

Table 2-9 shows California exports for the most important 3-digit NAICS 
code industries in 2000. Computers and electronic products (NAICS 334) is 
the most important industry. Exports of this industry represented more than 
half of the state’s total exports, and were almost five times the value of Cali- 
fornia’s next largest merchandise export industry. Of the next six export in- 
dustries, four also have significant high-tech components or linkages (ma- 
chinery, transportation equipment, miscellaneous manufactured, and electri- 
cal equipment). NAICS 334 exports from California also represent more 
than 38% of total US exports for this industry, a far higher ratio than any 
other California industry. 



Information on this data source and access to the data can be found at 
http://www.ita.doc.gov/td/industry/otea/. More detailed data are available directly from the 
MISER source, described at http://www.misertrade.org/. The Miser series fills in gaps in 
the Census Bureau data using an imputation algorithm. 

California transportation equipment is mainly aerospace, while it is motor vehicles for the 
rest of the US. 
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Table 2~9. California Exports, 3-Digit NAICS Codes with Largest State Employmem, 2000 



NAICS 


Industry 


California 
Exports 
S Millions 


%of 

State 

Total 


US 

Exports 
$ Millions 


%of 

US 

Total 


California 

%ofUS 


334 


Computers & 
Electronics 


61,447 


51.4% 


161,449 


25.1% 


38.1% 


333 


Machinery, 
Not Electrical 


13,744 


11.5% 


85,038 


13.2% 


16.2% 


336 


Transportation 

Equipment 


8,158 


6.8% 


121,701 


IS. 9% 


6.7% 


325 


Chemicals 


4,775 


4.0% 


77,649 


12.0% 


6.1% 


339 


Miscellaneous 

Manufactured 


4,107 


3.4% 


19,328 


3.0% 


21.2% 


311 


Food & Kin- 
dred 


3,434 


2,9% 


24,966 


3.9% 


13.8% 


335 


Electrical Ap- 
pliances 


3,968 


3,3% 


25,401 


3.9% 


15.6% 




Total Exports 


119,640 


100% 1 


644,442 


100.0% 


18.6% 


Source; California Trade and Commerce Agency, MISER data. 







Table 2-10. US Trade for 4- Digit NAICS Codes with Largest State Employment, 200G, 







% of Total US Manufacturing for Each Category 


NAICS 


Sector 


US Imports 


US Exports 


US Employment 


3344 


Semiconductors 


9.4% 


10.1% 


3.5% 


3364 


Aerospace product & 
parts 


2.6% 


8.0% 


2.7% 


3341 


Computers & periph^ 
erals 


6.6% 


6.9% 


1.2% 


3363 


Motor vehicle parts 


4.6% 


6.6% 


4.9% 


3345 


Navigational & control 
instruments 


2,1% 


4.2% 


2.8% 


3339 


Other general purpose 
machinery 


1.9% 


3.6% 


2.6% 


3342 


Communications 

equipment 


3.0% 


2,9% 


1.6% 


3254 


Pharmaceutical &. 
medicine 


2.8% 


2.4% 


1.4% 


3332 


Industrial machinery 


1J% 


2J% 


1.4% 


3329 


Other fabricated metal 
products 


1.4% 


2.0% 


1.1% 



Sources: Employment data, County Business Patterns, US Census Bureau; Trade data, 
“Data Web” of the US International Trade Commission, http://dataweb.usitc.gov/ . 
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2.6.3.3 Trade Impacts for Key California Industries 

While data on California imports are not available, imports do play an 
important role in California industries. Table 2-10 provides a means of 
measuring the import (and export) intensity of California’s high-tech econ- 
omy. The table shows the ten NAICS 4-digit manufacturing industries hav- 
ing the largest employment in California, in the order of the number of em- 
ployees. The US import, export, and employment intensities of these indus- 
tries are computed as the percentage that each value represents of the corre- 
sponding US manufacturing total for that category. Industries can be judged 
as trade intensive when their import and/or export percentage significantly 
exceeds their employment percentage. Indeed, this condition holds for one or 
the other of the trade categories for all the industries in Table 2-10. This it- 
self demonstrates the critical importance of trade for the California econ- 
omy. Furthermore, our two high-tech manufacturing industries, NAICS 3341 
and 3341 rank 1** and 2”^ for their import percentages and 1** and 3*^^ for their 
export percentages. The only competitor is Aerospace products (NAICS 
3364), another industry dealing in high-tech products. 

Table 2-11 provides one final method for illustrating the relative signifi- 
cance of trade flows for high-tech manufacturing sectors with 25,000 or 
more employees in California. We compute US imports as a share of domes- 
tic consumption and exports as a share of domestic production for these sec- 
tors. The table then allocates the sectors into “quadrants” based on their 
trade shares relative to the average for all US manufacturing industries. 
Quadrant I industries have above average shares for both exports and im- 
ports. Quadrant III industries have below average shares for both exports and 
imports. Quadrant II and IV industries have above average trade shares for 
only imports or exports respectively. The table shows that virtually all of 
California’s significant manufacturing sectors lie in either Quadrant I or III. 
As mentioned earlier in Chapter 1, this conflicts with classical trade theory, 
which predicts that most industries become specialized in either importing or 
exporting, but not both. 

The key result of Table 2-11 is that all of California’s high-tech sectors, 
and the related aerospace sector, fall into Quadrant I, with above average 
shares for exports and imports. In other words, all of California’s high-tech 
sectors are also high-trade sectors. The case studies presented in Chapter 3 
below illustrate how global integration of high-tech companies may involve 
both high levels of foreign sales and high levels of international imports. 
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Table 2-1 J. Trade Flows Relative to Output and Consumptionj California Manufacturing 
Sectors with 25,000 or More Employees. 





Below Average 
I m per ts/C 0 n s u m pt io n 


Above Average Im- 
ports/Coti sumption 




Quadrant IV 


Quadrant I 


Above Average 
E xpor t s/S h ip m e n ts 


3391 Medical Eq. & Supplies 


3329 Fabricated Metal Products 
3332 Industrial Machinery 
3339 General Purpose Machines 

334 1 Computer & Peripheral Eq 

3342 Communications Eq 

3344 Semiconductors 

3345 Instruments Mfg 

3363 Motor Vehicle Parts 

3364 Aerospace Product & Parts 
3399 Other Miscellaneous Mfg 




Quadrant /// 


Quadrant II 


Below Average 
Exports/Shipiuents 


3114 Fruit Sl Veg. Preserving 
3118 Bakeries and Tortilla Mfg, 
3121 Beverages 
32 1 9 Other Wood Products 
3222 Converted Paper Products 
323 1 Printing & Related Support 
3254 Pharmaceutical Mfg. 

3261 Plastics 
3323 Structural Metals 
3327 Machine Shops 
3371 Furniture 


3152 Cut & Sew Apparel 


Source: Computed by Authors from US International Trade Commission and Annual Survey 
of Manufacturers data. 



2.7 SUMMARY AND CONCLUSIONS 

This chapter has studied the economics of a high-tech economy. High- 
tech manufacturing is defined to include computers and semiconductors 
(NAICS codes 3341 and 3344 respectively). High-tech services include 
computer system design, software publishing, on-line information systems, 
and data process services (NAICS codes 54151, 511210, 514191, and 
514210 respectively). At the US level, the key findings are: 

1) High-tech manufacturing shipments and service revenues rose rapidly 
during the 1990s, with service revenues surpassing manufacturing ship- 
ments starting in 1998. High-tech manufacturing shipments collapsed af- 
ter 2000, following the end of the 1990s boom. 
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2) High-tech, quality-adjusted, hardware prices fell dramatically during the 
1990s. These price declines were a key source of the high-tech boom. 

3) High-tech manufacturing employment has steadily declined in the US, 
with more than 150,000 jobs lost between 1990 and 2002. In contrast, 
high-tech service industry employment rose dramatically, with almost 
1.5 million jobs added in the same period. By 2002, the ratio of high- 
tech service jobs to high-tech manufacturing jobs exceeded three to one. 

4) Average labor productivity in US high-tech manufacturing is high and 
growing, reflecting technological advances, capital intensive production 
methods, and increased outsourcing of component manufacturing. 

5) The US has run a systematic trade deficit in high-tech manufactured 
goods, with the deficit exceeding $50 billion in 2000. At the same time, 
there has been a systematic US trade surplus in high-tech services, cov- 
ering royalties, foreign direct investment earnings, and direct foreign 
service sales. The surplus for services was about $26 billion in 2000. 

6) About 50% of the US high-tech hardware market is supplied by im- 
ported goods. An important part of these imports are inputs into the pro- 
duction and assembly of high-tech products within the US. Access to 
low-cost foreign component production thus provides a direct link to fal- 
ling hardware prices and the industry’s growth. 

This chapter used California as a case study for the analysis of a high- 

tech regional economy. At the California state level, the key findings are: 

1) Location quotients confirm the importance of high-tech manufacturing 
and services for California’s economy. The coefficients also indicate 
how much these industries rely on material inputs, consistent with the 
key role of component outsourcing for the production process. 

2) Employment trends in California’s high-tech industries generally paral- 
lel the US trends, with a continuing decline in manufacturing employ- 
ment and a strong expansion in service employment. 

3) The level and growth of productivity in California’s high-tech industries 
exceeds even that of the comparable US industries. One intriguing ex- 
planation is the possibility of a “Silicon Valley Effect”, based on the 
unique workplace and industry culture that appears there. 

4) Trade through California’s port has expanded rapidly during the last 30 
years, and this activity is an important part of the California economy. 
Data on California exports indicate a large volume of international ex- 
ports for the California economy generally. Eurthermore, high-tech ex- 
ports represent over 50% of California’s total exports and over 38% of 
total US high-tech exports. Unfortunately, state level trade data are not 
available for imports or for services. 
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2.8 APPENDIX: DATA DESCRIPTION 

This appendix describes the data sources and the techniques we used in 
compiling the tables and figures of this chapter. The discussion is organized 
by type of data and the applicable tables and figures. Unless otherwise indi- 
cated, all publications are from the US Bureau of the Census. 

2.8.1 Manufacturing Sector Data, Annual Survey of Manufactures 
(ASM) (Table 2-7, Figures 2-1 and 2-11) 

The Annual Survey of Manufactures measures shipments, employment, 
and related variables for manufacturing industries for the US and individual 
states, to the 6-digit NAICS industry level. Table 2-7 provides a good exam- 
ple of these data from the year 2000 report. Three points are relevant to the 
shipments data shown in Figures 2-1 and 2-11: 

1) ASM shipments are measured on an “industry” basis, meaning that all 
shipments from a specific location (such as a plant) are associated with 
the primary industry of that location, even if some of the shipped goods 
might be properly associated with another industry. The ASM shipments 
data also introduce the possibility of double-counting, since goods might 
be reshipped through different stages of production, but still counted un- 
der the code of the primary industry. As an alternative, the US Census 
Bureau also tracks shipments on a “product” basis, but these data lack 
the continuity and comparability with employment provided by the 
ASM. In any case, the same basic trends are apparent in both data sets. 

2) ASM data from 1997 forward are provided in NAICS coding. Data prior 
to 1997 were provided in SIC coding. Table 2-1 provides the links from 
the SIC to the NAICS codes that were used to restate the historic data on 
a NAICS basis. In most cases, 100% of a SIC category is linked to a 
NAICS category. In cases in which only a part of a SIC category is 
linked to a NAICS code, shown as “pt” in Table 2-1, the following per- 
centages, derived from US Census Bureau, “Bridge Between NAICS 
and SIC”, EC97X-CS3 (June 2000), were applied to the SIC shipments 
data for 1997 and previous years: 

93.00% of SIC 3578 is applied to NAICS 334119 
0.022% of SIC 3661 is applied to NAICS 334416 
0.175% of SIC 3825 is applied to NAICS 334416 
3.43% of SIC 3661 is applied to NAICS 334418 
63.44% of SIC 3679 is applied to NAICS 334418 
27.09% of SIC 3679 is applied to NAICS 334410 
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3) The most recent ASM data year currently available is 2000. However, 
the Census Bureau also carries out a monthly survey of “Manufacturing 
Shipments, Inventories, and Orders”, referred to as the “M3 series”. We 
have used the M3 series to extend the ASM data to 2001 and 2002. In 
cases where the M3 data were more aggregated than the ASM data, we 
applied the growth rate of the M3 aggregate to each of the ASM compo- 
nents under that aggregate. Further information on the M3 series is 
available at http://www.census.gov/mcd/. 

2.8.2 Employment Data, County Business Patterns (CBP) 

(Tables 2-6, 2-8, and 2-10; Figures 2-4, 2-10, and 2-12) 

The US Census Bureau and the US Bureau of Labor Statistics collect 
employment data using both individual surveys and enterprise reports. A 
variety of statistical releases are then provided. The CBP reports from the 
Census Bureau are particularly useful for our purposes since the data are 
tabulated by detailed NAICS codes (since 1997) and by states, and they 
cover both manufacturing and service sectors. 

The time series data in Figures 2-4 and 2-12, however, raise two further 
issues. First, only CBP data from 1997 forward are provided in NAICS cod- 
ing. Data prior to 1997 were provided in SIC coding. The issue of converting 
the historical SIC data to a NAICS basis is exactly the same as described 
above for data from the Annual Survey of Manufactures. Tables 2-1 and 2-3 
in the main text provide the links from the SIC to the NAICS codes that 
were used to restate the historic data to a NAICS basis for the manufacturing 
employment and service employment data respectively. In cases in which 
only a part of a SIC category is linked to a NAICS code, shown as “pt” in 
the tables, the following percentages were applied to the SIC employment 
data for 1997 and previous years. 

87.43% of SIC 3578 is applied to NAICS 334119 
.057% of SIC 3661 is applied to NAICS 334416 
.299% of SIC 3825 is applied to NAICS 334416 
5.50% of SIC 3661 is applied to NAICS 334418 
46.31% of SIC 3679 is applied to NAICS 334418 
40.75% of SIC 3679 is applied to NAICS 334410 
74.19% of SIC 7379 is applied to NAICS 541512 
21.22% of SIC 7379 is applied to NAICS 541519 



These coefficients apply to employment and thus differ from those shown above for the 
Annual Survey of Manufactures data which applied to shipments. Source: US Census Bu- 
reau, “Bridge Between NAICS and SIC”, EC97X-CS3 (June 2000), 
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2.8.3 Updating the County Business Patterns Data 

The most recent CBP data currently available is 2000. However, the Bu- 
reau of Labor Statistics also carries out a monthly “current employment sur- 
vey” referred to as the “CES series”. We have used the CES series to extend 
the CBP data to 2001 and 2002. In cases where the CES data were more ag- 
gregated than the CBP data, we applied the growth rate of the CES aggregate 
to each of the CBP components. Eurther information on the CES series is 
available at http://www.bls.gov/ces/cestips.htm. 

2.8.4 Goods Trade Data, US International Trade Commission (ITC) 
(Tables 2-9 and 2-10; Figures 2-6 and 2-7) 

The International Trade Commission (ITC) is the US government agency 
that administers a number of tasks related to US tariff rates. In conjunction 
with these activities, the ITC maintains a highly accessible and current data- 
base of US trade flows by 4-digit NAICS codes (since 1997). The year 2000 
US data in Tables 2-9 and 2-10 come directly from this source; see 
http://dataweb.usitc.gov/. 

The time series data in Eigures 2-6 and 2-7, however, raise one further is- 
sue. ITC data from 1997 forward are provided in NAICS coding. Data for 
1997 and prior years were provided in SIC coding. We have used the data 
for 1997 to compute a conversion ratio from SIC to NAICS for the years 
prior to 1997. Separate conversion ratios were computed for exports and im- 
ports and for NAICS 3341 and 3344 as follows: 

(NAICS 3341 imports) = (.970)(SIC 357 imports) 

(NAICS 3341 exports) = (.781)(SIC 357 exports) 

(NAICS 3344 imports) = (1.027)(SIC 367 imports) 

(NAICS 3344 exports) = (1.287)(SIC 367 exports) 

2.8.5 Services Trade Data, US Bureau of Economic Analysis (BE A) 
(Figure 2-8) 

The Bureau of Economic Analysis (BEA), within the US Department 
of Commerce, is the primary source of data for US trade in services. The 
data are released though annual articles published in the Survey of Current 
Business (SCB). The most recent data were obtained from: 

“US International Services” (hereafter IS) in October 2002 SCB; 

“US Direct Investment Abroad” (hereafter DIA) in September 2002 SCB. 

Eor historical data, see citations in the above references, or www.bea.gov. 
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Figure 2-8 relies on three categories of data on trade in services: high-tech 
royalties, high-tech foreign direct investment earnings, and net sales of high- 
tech services. The following describe each of these data series. 

2.8.5.1 High-tech royalties 

Starting in 1997, IS has annually published royalties earned and paid on 
“general use computer software” with unaffiliated foreign entities (hereafter 
“unaffiliated computer royalties”). Historical data are also available on the 
aggregate royalties with unaffiliated foreign entities. We computed “unaf- 
filiated computer royalties” for year prior to 1997 by applying the 1997 ratio 
for (unaffiliated computer royalties)/(unaffiliated aggregate royalties) to un- 
affiliated aggregate royalties for years prior to 1997. Data are also available 
on the aggregate royalties for affiliated foreign entities. To compute “affili- 
ated computer royalties”, we applied the 1997 ratio (unaffiliated computer 
royalties)/(unaffiliated aggregate royalties) to affiliated aggregate royalties 
for years prior to 1997. Total high-tech royalties is then the sum of affiliated 
and unaffiliated computer royalties. These computations were carried out 
separately for high-tech royalties received and high-tech royalties paid, and 
the “high-tech net royalties” equals high-tech royalties received minus high- 
tech royalties paid. 

2.8.5.2 High-tech foreign direct investment earnings 

DIA provides annual data on foreign direct investment income earned on 
(a) computer and office equipment and (b) computer and data processing 
services, representing “hardware” and “software” earnings respectively. The 
sum of the two series equals “high-tech foreign direct investment earnings”. 

2.8.5.3 Net sales of high-tech services 

IS provides historical data on net computer and data processing service 
sales to unaffiliated foreign entities (hereafter unaffiliated computer sales) as 
well as unaffiliated aggregate sales. IS also provides data since 1997 on af- 
filiated computer sales, as well as aggregate sales to affiliated foreign enti- 
ties (hereafter aggregate affiliated sales). We have computed data prior to 
1997 for affiliated computer sales by applying the 1997 ratio, (unaffiliated 
computer sales)/(unaffiliated aggregate sales), to aggregate affiliated sales 
for years prior to 1997. Net sales of high-tech services are then the sum of 
net computer sales to affiliates and unaffiliated entities. 



Chapter 3 

International Trade and California Industry 
A Case Study of the Computer Cluster 



Chapter 2 has used US and state level data to describe the aggregate in- 
teraction of global factors with a high-tech economy. In this chapter, we use 
industry case studies to examine production structure, the employment base, 
and trade flows at the firm level, thus expanding the understanding of global 
linkages provided by the aggregate data. Our analysis specifically looks at 
the computer cluster in California. In this industry, firms operating in Cali- 
fornia rely on a global resource base and production structure to produce 
revenues that come from markets worldwide. 

3.1 GLOBAL INTEGRATION FROM A FIRM’S 
POINT OF VIEW: A TYPOLOGY 

A firm may participate in a global economy in several ways, depending 
on firm size (defined by employment, revenues, and/or the number of 
branches), production process, market location, production and marketing 
networks, and, to some extent, the age or maturity of the firm^ and personal 
connections and preferences of the owners and managers. The type and de- 
gree of participation may range from a simple, export oriented approach 
(Stage I) to a complex, multi-national structure that includes multi- 
directional flows of goods and services, with employment and plant owner- 
ship spread globally (Stage III). 



^The variation in location decisions over the course of the firm’s lifetime is the subject of the 
product cycle theory. See, for example, the summary in Shove (1996), and more detailed 
descriptions in Markusen (1985), Malecki (1979) and (1985), and Miller (1989). 
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3.1.1 Stage I — Export Base 

Traditional regional economics assumes a local firm is a distinct entity, 
located within the region, employing local labor (or labor that migrates to 
work in the region). Sales may be within or outside the region, and a portion 
of sales may be outside of the country.^ (See Figure 3-1.) Inputs may be pur- 
chased locally or imported, either from other parts of the country or from 
overseas. Overseas markets may affect firms either through the demand or 
supply side. On the demand side, changing income and tastes overseas will 
affect the local firm’s ability to export its product. On the demand or supply 
side, overseas production (by foreign firms or multinationals) may have a 
negative or positive effect on the local firm. Foreign production of a compet- 
ing product may cut into sales both abroad and in the local market (import 
competition). Purchases of foreign inputs may reduce costs and improve 
productivity for the local firm. 




Figure 3-1. Stage I — ^Export Base 

3.1.2 Stage II — Supply-Side-Driven Foreign Production 

A firm may first transfer some or all of its own production to foreign lo- 
cations to reduce production costs while maintaining control over the supply 
of inputs and the production process. (See Figure 3-2.) The motivation for 
seeking low-cost overseas production and the type of low-cost inputs or pro- 



^ This model of the regional economy is described in many basic textbooks. See, for example, 
Blair (1991, Pages 151-173). 
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duction sought will vary with the type of industry and characteristics of the 
particular firm. Factors motivating participation in the global economy in- 
clude access to raw materials, low-cost labor, and overseas production net- 
work clusters. 

Stage II A — Raw Materials Variant — Firms for which raw materials are a 
significant part of the product (agricultural firms, oil, gas and minerals), for 
reasons of cost, availability, and environmental regulation, may begin to lo- 
cate a portion of production overseas. This may occur either to continue to 
meet demand and compete in domestic markets (a response to high costs of 
materials or shortages domestically), or to reduce costs in existing foreign 
market areas, especially where perishable products make travel time a con- 
sideration. 

Stage IIB — Labor Cost Variant — Firms for which labor costs in produc- 
tion are significant may seek a low-cost production location outside of the 
US. This may also occur to satisfy requirements for skilled labor. The goal 
of overseas production may be to provide products for sale to either foreign 
or domestic markets. Import competition is likely to be a spur to overseas 
production, as domestic firms try to lower costs in the face of competition 
from firms producing in a lower labor-cost environment. Intense domestic 
competition may also spur the effort to lower production costs through mov- 
ing routine production to overseas sites. 




Figure 3-2. Stage II — Supply-Side Driven Foreign Production 
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Stage lie — Production Network Variant — Cost-related factors may com- 
bine with other production-related concerns to determine where firms locate 
overseas production sites. Sites that combine sophisticated production tech- 
niques with access to suppliers and to lower cost labor become important 
location sites for technology-dependent firms. Singapore and Taiwan are 
examples of locations that have become centers for high-tech hardware 
manufacturing linked to US firms (and to foreign producers, as well). India 
and Russia are becoming centers of software production and technical exper- 
tise. 

3.1.3 Stage III — Production to Market 

As firms begin to sell large amounts in overseas markets, they may find 
advantages beyond lower costs to producing close to those markets. Under 
this model, establishment of foreign production sites would be determined 
by the location of markets as well as by the location of raw materials or low- 
cost labor. Products may be sold from these production sites directly to the 
foreign market, without passing through the domestic production or distribu- 
tion facilities at all. (See Figure 3-3) The function of the domestic headquar- 
ters may then become more and more specialized in administration and re- 
search and development. Foreign sales of products from overseas plants 
generate income and employment at the headquarters through the repatria- 
tion of profits and the need for administrative and professional labor. 




Figure 3-3. Stage 111 — Production to Market 
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As firms enter Stage 11 or Stage 111 in their production process, measures 
of exports and imports will no longer be sufficient to reflect the effect of 
foreign markets on domestic production and employment levels. A rise in 
sales outside the US from a foreign affiliate or branch of a California multi- 
national firm will not show up in US export numbers, but these sales may 
still create a rise in the firm’s domestic employment and output, even though 
the transactions never cross US soil. 

Besides the three stages of globalization described here, global markets 
may affect a firm’s ownership and sales opportunities in other ways. An 
ownership change may suddenly bring a locally oriented firm into the global 
market, if the new owner is a foreign corporation seeking the resources pro- 
vided by the US firm. An increasingly global focus of a major customer also 
may quickly bring a firm reliant on local sales into the global marketplace. 

There is a wide degree of variation within an industrial sector in the stage 
of globalization of firms. There is also wide variation among industrial sec- 
tors in the degree to which firms within each sector tend to be linked to 
global markets. 

Case studies of different high-tech sectors illustrate the degree to which 
individual firms participate in the trend towards global production. Informa- 
tion on firm structure, location decisions, and the flows of firm inputs and 
outputs across borders, drawn from annual reports, web sites, and interviews 
of firm representatives, shows the direct and indirect paths by which industry 
globalization may influence the state’s economic development. 

3.2 THE CALIFORNIA COMPUTER CLUSTER IN 
OVERVIEW 

California accounts for more than 20% of US employment in computer 
and electronic equipment manufacturing and for more than one-fourth of the 
nation’s employment in software publishing. As discussed in Chapter 2, for 
much of the past decade, there has been a mismatch between growth in sales 
and growth in employment in the hardware segment of the cluster. Here, we 
expand on the most recent period, drawing from data reported for NAICS 
codes. 

Overall manufacturing employment increased slightly in California in the 
1997-2000 period, while computer-related manufacturing experienced a de- 
cline. Yet measured by shipments, the computer industry was expanding 
more strongly than many other manufacturing sectors (or manufacturing as a 
whole) during this period. Specifically, computer and electronic components 
shipments from California grew by 28.5% from 1997-2000, compared to the 
state’s overall growth in manufacturing shipments of 18%. California also 
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outpaced the nation in the growth of computer and electronic components 
shipments, as shown in Chapter 2 and Figure 3-4. 



35% 




-5% 



Krtiploymt^rit 314 



314 Value of 
Shipments 



TotaJ M a n II fact u ring Total Manufacniiing 
Employment Value of Shipments 



□ US V California 



Figure 3-4. Growth in Employment and Shipment Value, 1997-2000, US and California 
Computer and Electronic Component Manufacturing (NAICS 334). Source: US Bureau of the 
Census (2000) and US Bureau of the Census (2002a). 

The computer cluster also experienced strong productivity gains during 
this period, especially in California. In earlier research, we noted more than 
a doubling of value added per employee in SIC 357 between 1987 and 
1995.^ Using the NAICS categories, for the more recent 1997 to 2000 pe- 
riod, it is evident that further increases have occurred. For NAICS 334, value 
added per employee grew from $164,255 in 1997 to $217,891 in 2000, an 
increase of 32.7%."^ Nationally, productivity and its growth in the computer 
and electronic components sector has been lower, with value added per em- 
ployee reaching $177,043 in 2000, an increase of 18.5% from $149,384 in 
1997. Similar data are not available for the services portion of the computer 
cluster. Data from the 1997 Economic Census shows that revenues per em- 



^ As noted in Chapter 2, SIC 357 includes much of what is in NAICS 3341. The earlier results 
are reported in Kroll and Kirschenbaum (1998). 

^ These numbers are not corrected for inflation, partly because of the complexities of doing a 
correction with an aggregate industrial category. The CPI would not appropriately reflect 
changes in production, as the CPI rose during these periods, but the producer price index 
was dropping for most sectors included in the 334 category. (See Chapter 2.) For example, 
electronic computer producer prices dropped by 58.9% between 1997 and 2000, personal 
computer producer prices dropped by 68.6%, and electronic component producer prices 
dropped by only 6.6%, while the CPI grew by 7.3% during the same period. 
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ployee in California computer cluster services tend to be higher than the na- 
tional levels, as shown in Figure 3-5. Using SIC codes, growth in receipts 
per employee can be compared with the 1992 period. From 1992 to 1997, 
receipts per employee grew much faster for the computer-related services 
sectors (tracked through SIC codes), than for services overall (Figure 3-6). 
In California, receipts per employee in the computer programming and data 
processing sector (SIC 737) grew twice as fast as the overall growth in re- 
ceipts per employee for the services sector. 
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Figure 3-5. Revenues per Employee, Selected Computer-Related Services Sectors. Data is for 
1997. Source: US Bureau of the Census (2000). 
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Figure 3-6. Growth in Receipts per Employee, 1992-1997, California. Source: Computed 
from data in US Bureau of the Census (2000), services web pages. 
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Table J-/. Average Hourly Wage, Manufacturing Sectors and Selected Services Sectors, 1999 



NAICS/ 


Code Description 


Wage, 


Indexed to 


Wage, 


Indexed to 


SIC 




CA 


CA Mfg. 


US 


US Mfg. 




All Manufacturing 


£ 14.14 


[.m 


£ 14.70 


1.00 


331 


Food mfg 


S 12.10 


0,86 


S ll;75 


0.80 


312 


Beverage & tobacco product mfg 


$ 18,57 


Ul 


$ lg.98 


1.29 


313 


Textile mills 


S9.91 


0,70 


$ 11.09 


0.75 


314 


Textile product mills 


$ 8.95 


0,63 


S9.86 


0.67 


315 


Apparel mfg* 


S8.08 


0.57 


$8,60 


0,59 


316 


Leather & allied product mfg 


S8.64 


0.61 


$9.77 


0.66 


321 


Wood product mfg 


S 11.43 


0.81 


£ 11.82 


0.80 


322 


Paper mfg 


$ 15.64 


l.ll 


$ 16.96 


1.15 


323 


Printing & related support act. 


S 14.67 


1.04 


S 14.54 


0.99 


324 


Petroleum & coal products mfg* 


S 25,99 


1.84 


$ 22.17 


1.51 


325 


Chemical mfg 


£ 16.16 


1.14 


£ 19.20 


1.31 


326 


Plastics 8l rubber products mfg 


$ 11.77 


0.83 


$ 12,79 


0.87 


327 


Nonmetallie mineral product mfg 


S 14.83 


1.05 


£ 14.58 


0,99 


331 


Primary metal mfg 


£ 14.09 


1,00 


£ 17,57 


1,20 


332 


Fabricated metal product mfg 


$ 14.17 


1.00 


$ 14,03 


0.95 


333 


Machinery mfg 


S 15.17 


1,07 


S 15.77 


1,07 


334 


Computer & elec, prod, mfg* 


£ 18.08 


1.28 


$ 16*02 


t.09 


3341 


Computer & periph, eq. mfg* 


$ 22*07 


1*56 


S 17,05 


1*16 


3342 


Coirnnunications eq. itifg* 


S 20.72 


1,47 


S 18,1 1 


1*23 


3343 


Audio & video equipment mfg* 


£ 12.39 


0,88 


£12,73 


0,87 


3344 


Semiconductor & oth. elec. 


£16*18 


1.14 


$ 14.45 


0,98 




comp, mffi* 










3345 


Instruments mffi* 


S 20.95 


1,48 


£ 18,13 


1*23 


3346 


Magnetic &. optical media* 


£ 14.56 


1.Q3 


$ 13.89 


0,95 


335 


Electrical eq.. appL. & comp, mfg 


£ 12.35 


0.87 


£ 13.75 


0.94 


336 


Transponation equipment mfg 


£ 18.63 


1.32 


£20.10 


1.37 


337 


Furniture & related product mfg* 


$ 10.87 


0.77 


$ 11.45 


0.78 


339 


Miscellaneous mfg* 


$ 15.07 


1.07 


$ 12.40 


0.84 


Computer-Related Services 


737 


Computer programming, data 
proc. and oth. comp, re!, serv,* 






$ 22.32 


1.52 


7371 


Computer programming serv.* 






$ 25.46 


1*73 j 


7373 


Computer intefi rated design* 






$ 21,44 


1*46 


7375 


Information retrieval* 






$15,71 


1,07 


7378 


Computer malnt and repair* 






$ 17,29 


1,18 


Note: All 334 sectors and high-tech services sectors in bold. * indicates sectors with Cali for- 


nia location quotients greater than 1 (737 sector LQ's are from 1997). 






Source: Manufacturing wages- Annual Survey of Manufacturers; Services wages- 
Labor Statistics web site. 


-Bureau of 
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High ratios of value added or receipts per employee and the growth of 
these ratios over the past decade have helped maintain high wages in the 
computer cluster. Production workers in computers and peripherals manu- 
facturing (NAICS 3441), communications equipment manufacturing 
(NAICS 3342), and instruments (NAICS 3345) earn about 50% above the 
average manufacturing wage in California. The differential compared to 
other manufacturing workers is greater in California than in other parts of 
the US. Although the average California manufacturing worker earns almost 
4% less than the average US manufacturing worker (based on calculations 
from the 1999 Annual Survey of Manufacturers, shown in Table 3-1), the 
hourly average wage in NAICS 334 is more than 10% above wages in that 
sector in the US as a whole, and computer and peripheral equipment produc- 
tion worker wages (NAICS 3341) in California exceed the US level by al- 
most 30%. 

Computer cluster employment tends to concentrate in speciahzed loca- 
tions and to some extent in large firms. A significant portion of the concen- 
tration is in California. In contrast, total manufacturing employment is spread 
quite evenly across the states in the US, with no state having a manufacturing 
location quotient above 1.67 and only eight having location quotients below 
0.5. (Table 3-2 shows location quotients by state for manufacturing, NAICS 
334 and NAICS 3341). For NAICS 334 (all computer and electronic manu- 
facturing), six states have location quotients above 2.0, and an additional 
three states (including California) have location quotients below 2.0 but 
above 1.67, the highest location quotient for manufacturing overall. Location 
quotients are below 0.5 in nineteen states. While California does not have the 
highest location quotient, it has the largest concentration, by absolute num- 
ber, of any state, with over 20% of US employment in NAICS 334. About 
half of US employment in 334 is in six states — California, Texas, Massachu- 
setts, New York, Illinois and Minnesota. The degree of agglomeration is 
even higher in the more specialized 4-digit sectors. Nine states have location 
quotients above 2.0 in NAICS 3341, and thirty-one states have location quo- 
tients less than 0.5 (including some large states with strong manufacturing 
bases). Almost one-fourth of US employment in NAICS 3341 is concen- 
trated in California and close to 50% of the sector’s US employment is in 
just four states — California, North Carolina, Texas and Minnesota. 



Table 3-2. State Location Quotients \n Total Manufacturing, NAICS 334 and NAJCS 3341 
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The manufacturing portion of the computer cluster is concentrated in lar- 
ger firms as well as by location. Statewide, 14% of manufacturing employ- 
ment is concentrated in establishments with 1,000 or more employees. In 
NAICS 334, 31% of California employees are in firms of this size. At the US 
level, the industry is even more concentrated in large firms, with 38% of US 
NAICS 334 employment in firms of 1,000 or more employees. (This is con- 
sistent with the location of administrative and R&D functions near the head- 
quarters of California firms and the spread of more routine, larger manufac- 
turing facilities to lower cost areas out-of-state.) 

The California software and services portion of the cluster are less heav- 
ily concentrated in large firms, but are more concentrated than are US soft- 
ware and services firms overall. The California information sector (NAICS 
51) has 17% of employees in large firms of over 1,000 employees; 18% of 
information and data processing employees (NAICS 514) and 20% of em- 
ployees in professional, scientific and technical services are in firms in this 
size category (NAICS 541). In contrast, 15% of US employees in the infor- 
mation sector and the information and data processing sector, and 10% of 
professional, scientific and technical services employees are in firms of 
1,000 or more employees.^ 

As noted in Chapter 2, the computer cluster has high import and export 
flows. In 2000, more than half of the total domestic sales in the computer 
and peripheral manufacturing sector (3341) were of imported goods, show- 
ing both the reliance on imported inputs and the strong level of import com- 
petition the industry faces. At the same time, 40% of the value of shipments 
from US computer and peripheral manufacturing firms was exported, indi- 
cating the importance of international markets to these firms. 

Within California manufacturing sectors, there is a wide range in the im- 
portance of trade (either as exports, imports, or both), in the direction of 
trade balance, and in the direction and share of employment change. Tables 
3-3 and 3-4 show the computer cluster’s broad pattern of high trade flows, 
unbalanced trade, weak employment growth and strong shipment growth. 
Even within the computer cluster, sectors sharing similar trade patterns have 
differing levels of employment growth, although both 3341 and 3344, as 
well as closely related 3342, had shipment growth far stronger than most 
other sectors in the state. ^ 

Facing both competition from foreign producers and opportunities in for- 
eign markets, the computer cluster in California is well positioned for a 
global role. International sales (either exports or sales outside the US by 



^ Calculated by authors from County Business Patterns 2000 data. 

^The case study included networking firms, which may encompass activities not only in 3341 
and 3344 but also in 3342. 
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overseas branches) may grow even as domestic sales are reduced by compe- 
tition from foreign producers in US markets, while the high cost of produc- 
tion in California makes the search for alternative production sites attractive. 
At the same time, the advantages of agglomeration and firm concentration 
keep a portion of the industry headquartered in California. 



Table i-5. Comparison of California Shipment Growth 1997-2000 with US Trade Balance 
(Manufacturing Sectors with 25,000+ Employees; Percent Change in Parentheses) 





Shipment Growth Negative 


Shipment Growth Positive 


Positive 

Trade 

Balance 


J364 Aerospace Pr/Parts (-25%) 
3231 Printing (-2%) 


3345 Instruments (10.4%) 

3261 Plastics Products (14.6%) 

3339 Gen. Purpose Machinery (4.2%) 
3391 Medical Eq. (43.7%) 

3222 Paper Products (17.3%) 


Negative 

Trade 

Balance 




3344 Semiconductors (7 8.3 Vo) 

3 1 52 Cut and Sew Apparel (1 1 .4%) 
3342 Communications £q. (77.2%) 
334! Computer Eq. (73.9%) 

3327 Machine Shops (16.1%) 

3399 Misc Mfg. 22.7%) 

3371 Furniture (18.6%) 

3323 Arch/Sir Metals (20.4%) 

3118 Bakeries (21.5%) 

3114 Fruit and Vegetables (4.9%) 

3254 Pharmaceuticals (50.3%) 

3219 Other Wood Products (13.4%) 
3332 Industrial Machinery (78.5%) 
3363 Motor Vehicle Parts (15.1%) I 

3329 Other Fabricated Metal (2.2%) , 


Note: Shipment growth adjusted for inflation using PPI by sector. Computer cluster and 
related sectors In boJd. 

Source: Shares computed by authors from Annual Survey of Manufactures and interna- 
tional trade statistics described in Chapter 2. 
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Table 3~4. Comparison of California Employment Growth 1997-2000 with US Trade Balance 





Employment Growth Negative 


Employment Growth Flat or Positive 


Positive 

Trade 

Balance 


3364 Aerospace Products/Parts’^V 
(-28.8%) 

3345 lnstruments*V(-h9%) 


3261 Plastics (14.5%) 

3231 Printing. (2.7%) 

3391 Medical Eq.*>/(25.2%) 

3222 Converted paper pr. (1.8%) 
3339 Other gen. pur. mach.V(0.0%) 


Negative 

Trade 

Balance 


3152 Cut & Sew Apparel* V(-5.0%) 
3341 Comp. & Per. Eq.*vi(-35.7%) 
3 1 14 Fruit & Veg Pres.* (-8.4%) 
3363 Motor Veh. Parts ^^(-2.1%) 


3344 Semiconductors*>7(11.3%) 
3342 Commun. Eq.*V(9.9%) 

3327 Machine shops (13.4%) 

3399 Other Misc. Mfg.vA(20.2%) 
3371 Furniture (22.0%) 

3323 Arch. & Str. Metals (5.6%) 
3118 Bakeries & tort. mfg. (10.8%) 
3254 Pharmaceuticals (29.3%) 

3219 Other Wood Pr.(10.7%) 

3332 Industrial MachineryV(22.1%) 
3329 Other Fab. Metals>/(2.7%) 


* Location Quotient greater than 1.5. Computer cluster and related sectors in bold. 

>/High trade-flow sector. 

Source: Shares computed from Annual Survey of Manufactures and international trade statis- 
tics described in Chapter 2. Location quotients based on County Business Patterns data. 



3.3 RESEARCH APPROACH AT THE FIRM LEVEL 



To understand the forces behind globalization of the industry and the pat- 
tern of that globalization in more detail, the authors conducted research at 
the firm level on several segments of the computer cluster. The research was 
initiated with interviews in 1997 and was updated in 2002. Firms were iden- 
tified both initially and during the update primarily from the Hoover’s Guide 
to Computer Companies (1996) and Hoover’s On-Line. 

We identified firms for the initial interviews and for the later Internet re- 
search based on the following categories:^ 



^ The sample we drew from Hoover’s uses different groupings into sub-sectors of the com- 
puter cluster than described in Chapter 2. The firms included in our definitions all fall 
within NAICS 334, 51, or 54, but an individual grouping does not draw exclusively from 
one sector, and groupings may include additional sectors related to those discussed in 
Chapter 2. 
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Diversified Computer Hardware: These are the firms that actually pro- 
duce integrated computer systems (Hewlett Packard, Sun Microsystems, 
Apple Computer, for example). These are companies primarily identified by 
NAICS 334111, Electronic Computer Manufacturing. 

Computer Components and Peripherals: These are computer cluster 
manufacturers who make computer components such as storage devices or 
peripheral equipment such as monitors. They are identified by several 
NAICS codes, primarily 334112 (Computer Storage Device Manufacturing), 
some firms within 334418 (Printed Circuit Assembly), and 334419 (Other 
Electronic Component Manufacturing). 

Semiconductors: These firms manufacture semiconductors and inte- 
grated circuits (NAICS 334412 and NAICS 334413 primarily). Some pro- 
vide design services as well (NAICS 5415). 

Networking and Communications Devices: These firms provide both the 
hardware (including components) and software critical to communications 
between computer systems. This includes firms from NAICS 334119 (Other 
Computer Peripheral Equipment Manufacturing), 33421 (Telephone Appara- 
tus Manufacturing), 334413 (Semiconductor and Related Device Manufac- 
turing), 334418 (Printed Circuit Assembly), and 5415 (Computer Systems 
Design and Related Services). Distributors focusing entirely on networks are 
also included (NAICS 42143). 

Software Firms: These firms design computer software. Many sell pack- 
aged products but some design custom products or provide consulting on the 
selection and use of their products. Primary industrial codes include NAICS 
51121 (Software Publishers), 541511 (Custom Computer Programming Ser- 
vices), and 541512 (Computer Systems Design Services). 

Services Firms: With the growth of computer hardware and software has 
come the industry that assists users of the products. This grouping includes 
firms that provide system consulting, specialized software engineering, inte- 
grated software applications systems, and other information technology ser- 
vices. The primary industrial code is NAICS 5415 (Computer System De- 
sign and Related Services). The grouping also includes firms in NAICS 5141 
(Information Services), 5142 (Data Processing Services), and 5112 (Soft- 
ware Publishers). 

We conducted detailed interviews in 1997 of firms in four of these 
groupings. Diversified Computer Hardware companies. Computer Compo- 
nents and Peripherals manufacturers. Networking and Communications De- 
vices companies, and Software firms. In 2002, we updated information on 
most of the firms interviewed, primarily using material obtained from web 
sites, annual reports, and articles in the business press. (Some firms had 
ceased doing business in California or had merged with other firms). As 
shown in Table 3-5, the interviews covered fourteen firms in depth and six 
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other firms in less detail. Some 90 additional firms are covered through re- 
search using published materials. Firms selected for interviews were either 
the largest or fastest growing firms in the sector. The additional 90 firms 
added to the sample represent firms headquartered in California with 500 or 
more employees world- wide, and include services and semiconductor firms 
as well as firms in the initial four categories. 

From this broad sample of firms, we were able to examine variations in 
characteristics related to global production and sales. Key factors examined 
include: 

• Firm size 

• Age of firm 

• Geographic distribution of production 

• Geographic distribution of markets (sales) 

These characteristics varied among industry groupings and within group- 
ings. Characteristics of firms, and of a general grouping, also changed over 
time, as industries evolved from their earliest start-up years and as the ease 
of communications increased. 



Table 3-5. Research Coverage of Firms in Computer Cluster Groupings 





initial Imerview Subjects (1997) 


Web Research (2002) 








Annual 
Report 
Data or 






Computer Cluster 


Firms in 


Completed 


Partial 


2002 


Additional 


Grouping 


Sample 


Interview 


Response 


Update 


Firms j 2002 


Diversified Hard- 
ware 


10 


5 


1 


3 


3 


Components and 
Peripherals 


7 


2 


1 


2 


16 


Networking 


5 


4 


1 


3 


9 


Software 


13 


3 


3 


5 


27 


Semiconductors 


- 


- 


- 


- 


27 


Services 


- 


- 


- 


- 


8 


Total 


35 


14 


6 


13 


90 


Source: Authors' research 1997 and 2002. 
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3.4 VARIATIONS IN BASIC STRUCTURAL CHAR- 
ACTERISTICS 

Some very large computer hardware firms have been leaders in establish- 
ing a global presence. Several of these firms employ tens of thousands of 
workers worldwide. Examples in the diversified grouping are Hewlett Pack- 
ard, with world- wide employment of 86,000 in 2001 and Sun Microsystems, 
with 43,700. Although somewhat smaller, Apple Computer, with 9,600 em- 
ployees, Gateway with 14,000, and Silicon Graphics with 6,000, further em- 
phasize the role of large players in the production of computers. There are 
few small to mid-sized computer hardware manufacturers in California (as 
measured by world- wide employment). 

In the peripherals and components grouping, Seagate Technology em- 
ployed 60,000 world- wide in 2001. Eight other firms producing peripherals 
and components employed between 2,000 and 8,000 in 2001. In Networking, 
Cisco systems employed 38,000 worldwide in 2001. 3Com, with 8,000, and 
Adaptec and Xircom, with close to 2,000 each, are the only other large firms 
in this category. This grouping has a much larger share of small to mid-sized 
firms, in the range of 200 to 1,000 employees. Nevertheless, the larger firms 
dominate employment and revenues overall. 

Eive California-headquartered semiconductor companies employed 

10.000 or more in 2001, including Intel (with 83,000), Solectron (with 
60,000), Applied Materials, Advanced Micro Devices, and National Semi- 
conductor (each with 10,000-20,000 employees). Another seventeen firms 
have between 1,000 and 10,000 employees worldwide. 

The software and services sectors support fewer giant firms, although in 
some cases large firms that are primarily hardware producers, such as Hew- 
lett Packard, have significant software and service components as well. The 
largest software firm headquartered in California, Oracle, had 41,000 em- 
ployees worldwide in 2001. An additional twenty-two firms had between 

1.000 and 10,000 employees worldwide. Computer Science Corporation, the 
largest services firm (not including Hewlett Packard), had 66,000 employees 
in 2001 but very few other services firms with California headquarters had 
employment greater than 1,000 worldwide. 

The majority of firms in our sample are publicly traded. Many used ini- 
tial stock offerings as a way for raising capital in the early stages of expan- 
sion. The age range of firms varies significantly by grouping, as shown in 
Eigure 3-7. In general, this is a young industry, with very few firms estab- 
lished before 1970. At one extreme, half of semiconductor firms (with 500 
or more employees) were established no later than 1980. At the other ex- 
treme, more than half of both networking and services firms were estab- 
lished after 1990. 
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Figure 3-7. Median Startup Year of Computer Cluster Firms, by Grouping. Source: Authors, 
using data from Hoover’s On-Line and Lexis-Nexis. 
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Figure 3-8. Share of Firms With More Than Half of Sales Outside US, by Computer Cluster 
Grouping, (Firms with 500+ Employees). Source: Computed by authors from data compiled 
from financial databases, web sites, and annual reports. 
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For the great majority of firms in this cluster, sales generated outside of 
the US are a significant proportion of re venues. While a few firms report less 
than 10% of revenues from foreign sales, many of the largest firms report 
between one-third and two-thirds of sales abroad. These sales are not neces- 
sarily produced in California or even in the US, and may not be counted as 
exports in the national accounts. It is common for the largest firms to do 
much of their production outside the US, as described in a later section of 
this chapter. 

The share of sales occurring outside the US and the location of those 
sales varies significantly among cluster groupings and among firms within 
each grouping. In general, the manufacturing firms were far more reliant on 
foreign sales than the nonmanufacturing firms, as illustrated in Figure 3-8. 
On average, semiconductor firms are most dependent on foreign sales. Of 
the twenty-four firms with 500 or more employees for which foreign sales 
data was available, over 70% received more than half of their revenue or 
sales from outside the US. About two-thirds of semiconductor firm foreign 
sales were in Asia. This reflects the fact that the semiconductor industry is 
an input supplier to computer systems, and many computer systems are as- 
sembled in Asia. 

Both diversified computer hardware firms and network and communica- 
tions firms are also heavily reliant on sales outside the US. In both group- 
ings, 40% of firms rely on foreign sales for more than 50% of sales or reve- 
nues. On average, over 40% of sales from larger firms in these sectors (500 -h 
employees) occur outside the US. In both groupings, Europe accounts for a 
larger share of overseas sales than does Asia, as shown in Figure 3-9. 

The components and peripheral manufacturing industry on average has 
fewer firms that sell the majority of their output outside the US, but a portion 
of those firms, primarily makers of components installed directly in com- 
puters, are highly dependent on foreign sales, largely to Asia. Read-Rite 
Corporation (headquartered in Fremont, California), for example, sold 86% 
of its output to five Asian countries in 2001. Komag, Incorporated (head- 
quarters San Jose, California) relied on Malaysia and Singapore for over 
90% of sales in 2000. Many of these sales are to the Asian subsidiaries of 
US multinational enterprises. Makers of peripherals, such as storage devices, 
are more likely to sell about two-thirds of their product within the United 
States. 
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Figure 3-9. Estimates of Percent of Sales to Asia and Europe by Computer Cluster Groupings 
(Firms with 500+ Employees). Source: Computed by authors from data compiled from finan- 
cial databases, web sites, and annual reports. 

Services and software firms are less reliant on overseas sales, compared 
to manufacturing firms, but their reliance on overseas sales is increasing 
over time. In our initial research, in 1997, software firms averaged about 
10% of sales overseas. The data for 2000 and 2001, instead, indicates that on 
average overseas sales account for more than one-third of sales of California 
headquartered software firms (with 500-1- employees), and half of firms sell 
at least 40% of their product overseas. Services firms average 30% of sales 
overseas, and half of services firms sell at least one-third of their product in 
foreign markets. Foreign sales of software and services firms are primarily to 
European rather than Asian markets. The increasing importance of global 
sales in the nonmanufacturing segments of the computer cluster are indica- 
tive of a number of changes that have taken place in the past decade. The 
penetration of computer products in foreign markets and the globalization of 
information networks via the Internet and the World Wide Web have greatly 
increased demand for computer software and services outside the US, and 
the larger software and services firms see international markets as a fertile 
area for new growth. 

3.6 FOREIGN PRODUCTION 

With the growth of overseas sales has come increasing production activ- 
ity outside the US, in both manufacturing and non-manufacturing segments 
of the computer cluster. A simple model of export activity does not apply to 
the majority of firms in the computer cluster. Most firms combine elements 
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of Stage II and Stage III in their production process. In some groupings of 
the computer cluster, firms aggressively seek low-cost sites, and mainte- 
nance of low-cost production facilities is crucial to their continued competi- 
tiveness. In other groupings, proximity to markets is a much stronger driving 
factor. Some firms combine the search for low-cost production with the 
move to new markets. 

Semiconductor firms have a long history of locating routine production in 
Asia.^ Some firms, such as Applied Materials, LSI Logic, and ChipPAC be- 
came involved in production overseas in the late 1970s and the 1980s. Other 
firms, for example Solectron and Maxim Integrated Products, have gone 
through major waves of expansion of overseas sites in the 1990s. A great 
deal of variety in ownership patterns characterizes foreign manufacturing 
operations of these firms. Some are owned as subsidiaries, either constructed 
for that purpose or, at least as often, purchased as an already operational fa- 
cility from a competitor or customer. In some cases, not just the plant but an 
entire company has been purchased to give the firm entree into a new market 
niche as well as a production facility. 

A second pattern of ownership of foreign plants is through a joint venture 
operation with a foreign company. A few smaller semiconductor firms have 
maintained their small size by contracting out manufacturing to overseas 
firms. Both the joint venture and contracting has occurred mainly with firms 
in Asia, often with those located in countries with large agglomerations of 
high-tech manufacturing facilities. 

While the majority of overseas activity for semiconductor firms is either 
manufacturing or sales, more technical development activity is also taking 
place overseas. In some cases, this is through acquired, specialized overseas 
firms. In other cases it is through the establishing of research and develop- 
ment or design departments at sites where manufacturing is also occurring. 
Some firms, such as LSI Logic (in the United Kingdom) and ChipPAC (in 
Korea) established design centers at overseas sites as early as the 1980s. The 
location decisions for these firms combine reasons from both Stage II and 
Stage III of the globalization process. Many of the production sites have 
been picked for low costs and production network advantages (Stage II). The 
Asian location of many of these plants also reflects the fact that many cus- 
tomers also do their production in Asia. Recent interest in expansion of 
plants into China reflects a combined interest in a low-cost, skilled labor 
force and the possibility of rapidly expanding demand in China for products 
using semiconductors.^ 



^ See for example Saxenian (1994). 
^Cole (2002). 
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Components and peripherals manufacturers also have extensive net- 
works of foreign manufacturing plants, especially in Asia. Malaysia, Singa- 
pore, Taiwan and Thailand are the major sites for manufacturing plants, with 
many clustered around existing high-tech agglomerations. A number of these 
firms have also had close ownership ties to foreign firms, either through 
joint ventures or through acquisition. 

Diversified computer hardware manufacturers were among the earliest to 
move production overseas. Hewlett Packard, among the oldest of the com- 
puter cluster firms in California, established its first overseas marketing 
(Switzerland) and manufacturing (Germany) operations in 1959 and started a 
Japanese joint venture in 1963.^^ Underlying reasons for these location deci- 
sions are likely different from expansion decisions in the 1980s and 1990s, 
with market interest and available knowledge and technical skills being of 
greater importance than low-cost production opportunities. Hewlett-Packard 
manufacturing facilities today are located throughout the world, reflecting a 
search for both skilled employees and market opportunities. This pattern of 
facility location appears with other computer manufacturers as well. Ireland 
and the United Kingdom are as common as Asian locations for manufactur- 
ing facilities, giving the firms easier access to European markets. Develop- 
ment facilities are found in Asia (primarily in Indian) and Europe as well as 
the US. 

Networking and communications include routine manufacturing, custom- 
ized manufacturing, services and software firms. No single pattern of pro- 
duction characterizes these firms. Some of California’s largest networking 
firms are primarily at Stage III. Proximity to customers helps provide the 
technical expertise needed to implement a system. Much of the hardware is 
produced by suppliers, rather than manufactured in-house or by international 
branches. These firms have faced little foreign competition, with cost pres- 
sures coming from changes in the Internet sector, rather than from low-cost 
foreign production. The segment of this grouping that produces communica- 
tions equipment for standard products such as personal computers has a pro- 
duction pattern that looks more like the component and peripheral manufac- 
turers, with manufacturing occurring in the locations that offer specialized 
production networks, such as Malaysia and Singapore — a classic Stage II 
low labor cost variant. Other large Networking firms showed less concern 
with input costs, indicating in interviews that tax policy and levels were 
more of a burden than labor costs. 

Software and services firms perhaps have undergone the greatest trans- 
formation over the past half-decade. Interviews in 1997 showed many 
young, rapidly growing firms were closely tied to the labor force in their 



Hewlett Packard history web page. 
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California location. The customer base for software firms supporting hard- 
ware was often concentrated in Silicon Valley or the greater San Francisco 
Bay Area. A few larger, older firms had up to half of their labor force out-of- 
state, with many working in other US or overseas “branches” that were firms 
recently acquired by the parent company. In the subsequent five years, many 
new start-up firms have emerged (and many have closed shop), and some of 
the earlier players have begun to level off in size after broad expansions in 
their customer base. 

The global reach of software firms may take several forms. The type cho- 
sen depends in part on the character of the firm’s products. For firms produc- 
ing packaged software for use by individual consumers (rather than busi- 
nesses), the most common global expansion is through overseas marketing 
offices. Accompanying this marketing move may be overseas offices that 
customize the software for the local market (e.g. translating into foreign lan- 
guages, changing units of currency or units of measure), and technical assis- 
tance offices, that field calls from users (a type of Stage III). The most likely 
remote production activity is the reproduction of disks and related printing, 
although this may be contracted out (Stage II or Stage III, depending on lo- 
cation). Firms producing more complex systems for business use find a 
greater need for technical assistance and marketing presence near foreign 
markets. At Oracle, for example, consulting, support and training services 
account for over 60% of sales. Software companies may have dozens of in- 
ternational offices designed to keep their product working for major custom- 
ers. 

Services firms have foreign office patterns similar to the software firms 
producing complex products for business clients. As the firm begins to sell 
globally, locating staff overseas to serve clients in foreign market areas be- 
comes an advantage. More than four-fifths of California’s computer services 
firms with 500-1- employees have at least 20% of sales outside of the US, and 
all of these have overseas offices. 

The type of foreign direct investment described here might be expected 
to replace home-country exports and perhaps have a negative effect on em- 
ployment opportunities in the company’s headquarters region. Research has 
shown that the process is not so simple. Clausing (2000), for example, found 
that multinational activity and trade are complementary activities. These ef- 
fects are further explored in Chapter 6. 

3.7 IMPORTED INPUTS IN THE PRODUCTION 
PROCESS 

Imported inputs have played a significant role in helping US computer 
cluster manufacturers compete with foreign firms. The 1997 interviews 
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asked respondents about the types of inputs imported. Memory chips were 
the most common product imported, coming directly from Asia. Other chips, 
circuits and components were also imported from Asia. 

The share of imported inputs in the cost of production varied widely by 
firm, as did the way in which inputs were imported. Respondents estimated 
that 10% to 20% of their inputs were imported. They added that inputs pur- 
chased from other California suppliers might also have been imported. In 
addition, for many firms, because of their overseas operations, intra-firm 
shipments from overseas branches (sometimes called transshipments or in- 
ter-area transfers) were a significant portion of their inputs. A personal com- 
puter assembled in California may contain components produced by a 
branch of the firm in one of its foreign locations, and a California plant may 
provide components to the firm’s overseas manufacturing site. Firm use of 
transshipments varies widely among sectors within the computer cluster. At 
one extreme, one manufacturer of components reported transshipments from 
foreign (company owned) production facilities equal to over 70% of the 
value of shipments. Most component manufacturers report foreign trans- 
shipments equal to 50% of shipments or higher. At the other extreme, none 
of the software firms whose annual reports we reviewed in 1997 reported 
foreign transshipments. Computer manufacturers also showed significant 
levels ofwithin-company foreign production of inputs, while network manu- 
facturers, like software producers, showed very low levels of foreign trans- 
shipments. 

In Chapter 4, we present evidence on the growth of imported inputs in 
high-tech sectors. In addition, the chapter explores the role of imported in- 
puts in reshaping the computer manufacturing industry labor force. Chapter 
5 includes further analysis of transshipments. The following two sections of 
this chapter more broadly examine the changing labor force, in the hardware, 
software and services sectors, and outsourcing as a way of tapping pools of 
foreign labor. 

3.8 LABOR FORCE CHARACTERISTICS OF MUL- 
TIPLE-LOCATION FIRMS 

Results from the 1997 interviews showed that, in most cases, the profile 
of employees at California locations was quite different from out-of-state or 
overseas employees. California locations of most firms had a much larger 
share of professional and technical employees than overseas locations. Only 
a small number of firms gave detailed breakdowns of their employee pro- 
files. Of these, most reported that at their California locations, between 30% 
and 40% of employees were in professional and technical (or R&D) occupa- 
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tions. These shares were generally much smaller outside of California, where 
sites were more likely to be primarily devoted to production or sales. 

While overseas operations tended to have higher proportions of produc- 
tion workers, many California firms maintain a production presence within 
the state. California producers tend to focus on high-end products, but again, 
strategies vary widely. At one extreme are firms that produce high-cost, 
complex equipment and maintain the bulk of their production within Silicon 
Valley. Firms that can afford this strategy are those facing little competition 
for their product, and where customized aspects of their production are im- 
portant to their customers. At the other extreme are firms that do almost all 
of their production at low-cost sites outside of California. Most computer 
and software firms lie somewhere in the middle, maintaining at least one 
production site in California but also establishing at least one production site 
overseas. Within California, a few firms have moved some or all of their 
domestic production to lower-cost California sites, such as Sacramento. 

Because of the high share of professional and technical workers and the 
lower share of production workers, computer firms require a highly trained 
labor force in California. Advanced degrees (masters or Ph.D. level) are re- 
quired of virtually all professional and technical employees, and of many 
management and administrative employees. A minimum of a four-year de- 
gree is required of many sales employees as well. Where products are cus- 
tomized, a significant share of the production workforce may also require 
four-year or advanced degrees, while community college or other training 
may suffice for the production workforce for more standardized products. 

Most firms recruited their workforce from universities throughout the US 
and beyond. However, a small proportion drew mainly from California uni- 
versities, either because of the common approach this gave their staff or be- 
cause this avoided relocating new employees to a high-cost setting. Many 
firms rely, at least in part, on foreign-born workers for both routine tasks and 
skilled labor, although the level varies widely and is not accurately reported. 
Estimates range from over 10% in some software firms to as high as 60% in 
one computer/peripheral production operation. 

Some conditions have changed since the 1997 interviews. The Internet 
and high-tech boom of the late 1990s greatly raised the demand for technical 
workers in California. Employment in Computer and Data Processing in 
California grew by 160,000 between 1997 and 2000.^^ The demand for new 
workers led the high-tech industry to lobby for a higher quota for temporary 
foreign workers under the H-IB program. The quota, which was 65,000 at 



This finding is similar to that reported by Saxenian (1994). 

Calculated from California Employment Development Department data, available from 
http://www.edd.cahwnet.gov/. 
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the time of the interviews, was raised to 115,000 in 1998 and to 195,000 in 
2001. It is likely that the tight domestic labor market and the increase in H- 
IB workers increased the share of foreign workers in computer cluster firms 
in California in 1999 and 2000, although weaker conditions in 2001 and 
2002 may have leveled off and even reversed this trend. 

Since the mid-1990s, there have also been further developments in the 
use of international labor pools of skilled workers outside the US. The fol- 
lowing section presents examples of countries where US corporations have 
set up technical and professional divisions and where independent firms 
have evolved whose primary customer base is the US computer cluster and 
other high-tech firms. 

3.9 INTERNATIONAL SOFTWARE AND SERVICES 
OUTSOURCING 

The past half-decade has seen the development of production centers 
similar to hardware input clusters in Taiwan and Singapore but specialized 
in software production and information technology services. India has domi- 
nated this trend, although Russia and China appear likely to be major par- 
ticipants in this activity in the future, and smaller amounts of outsourcing are 
happening in Ireland, Israel, South Africa, and Asian locations where hard- 
ware is manufactured, such as Singapore, the Philippines and Malaysia. 

India has a highly developed specialization for software and services out- 
sourcing. India’s major trade organization for the IT industry, Nasscom, re- 
ports the country’s output for the software industry at $10.1 billion, of which 
$7.8 billion is exported. The United States accounts for almost two thirds of 
the exports (62%), and Western Europe for almost one fourth (24%).^"^ The 
country’s software output has increased more than five-fold since 1996, av- 
eraging a growth rate of over 40% per year. Exports account for 80% of this 
growth. 

Several factors have allowed India to take the lead in outsourcing from 
the United States. Eirst, there are many personal links that have developed 
from US-educated Indian entrepreneurs, professionals and technicians and 
from Indian immigrants to the US. The Institute of International Education 
(HE) estimates that India accounted for over 10% of foreign students en- 
rolled in US universities during the 2001/2002 academic year.^^ Research by 



Khirallah (2002). 

Dossani (2002), Nasscom (National Association of Software and Services Companies) web 
site at http://www.nasscom.org. 

Institute of International Education (2002). 
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Saxenian of Indian-born professionals in Silicon Valley found that more than 
half have been involved in company start-ups in the US or India/^ 

Second, India can provide a well-trained labor force in engineering and 
software programming. Three-fourths of Indian students in the US are study- 
ing at the graduate level, according to the HE. Third, governmental organiza- 
tions, trade-organizations such as Nasscom, public educational institutions, 
such as the Indian Institutes of Technology, private sector technical colleges 
and public-private partnerships have cooperated to ensure that educational 
infrastructure and business support and information are available to expand 
the supply of the labor force as demand for outsourcing grows from the US 
and other countries. For example, the Indian Institute of Information Tech- 
nology is a public-private partnership in Bangalore designed to support the 
information technology industry in Bangalore through education and re- 
search. 

Fourth, the IT outsourcing industry in India has built on English language 
capabilities and geographic location to provide US firms with 24-hour access 
to English-speaking personnel. Finally, India has been a lower cost environ- 
ment than the United States or Europe. Overall manufacturing wages are 
about 1.5% of US wages. The differential appears to be less extreme for 
software development, but a US firm may still save as much as 90% in labor 
costs by outsourcing to India, according to some sources. 

Despite India’s early and successful entrance into software outsourcing, 
it faces competition from many other parts of the world. Other countries like 
Ireland and Israel and several Asian countries have moved in a much smaller 
way into outsourcing through contacts established through other types of 
activities. Ireland, for example, became a center of high-tech hardware pro- 
duction and sales distribution during the 1980s and 1990s. The country was 
affected by the high-tech downturn in 2001, which led to some plant clo- 
sures.^^ However, the two decades of high-tech growth were accompanied by 
the build-up of a skilled labor force in engineering, allowing Ireland to move 
into software production. Ireland is the one European country with outsourc- 
ing related software exports comparable to those of India. In addition to the 
growth of a skilled labor force, Ireland has attracted US firms as a lower cost 
English-speaking country with membership in the European Union. 



Saxenian, Motoyama and Quan (2002). 
Hackbarth (2002). 

Bowman (2002). 

Mayer (2002), Norton (2002). 
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Table 3-6. Comparative Economic and Demographic Data, Selected Outsourcing Countries 





Labor 

Force 

(Millions, 

2000) 


R&D Research- 
ers (Thousands, 
1996/1997) 


R&D Research- 
ers per Million 
Inhabitants 


Hourly Manu- 
facturing Wage 
(1995 Estimate) 


India 


406.0 


142.8 


151 


$0.25 


Ireland 


L8 


NA 


NA 


$9.75 


Israel 


2.4 


NA 


NA 


$8.25 


Japan 


66.7 


617.4 


4909 


$23.66 


Malaysia 


9.9 


NA 


NA 


$ 1.59 


Mexico 


39.8 


NA 


NA 


$ L75 


Philippines 


32.0 


NA 


NA 


$0.71 


Russian Federation 


71.3 


56L6 


3801 


S 0.90 


USA 


141.8 


985.5 


3697 


$ 17.20 


European Union* 


172.8 


824.9 


2211 


$21.00 



Sources: Labor force: World Development Indicators web; Franco and Jouhette (2001). R&D 
researchers: Unesco Institute for Statistics (200 L page 7). Wages (China, India, Japan, Ma- 
laysia, Philippines, USA); World Bank (2002, page 45). Wages (Ireland, Israel, Mexico, Rus- 
sian Federation): International Labor Organization web site. * Wage is author estimate based 
on data in Nobre 1999. Note: Services wage differentials may be quite different^ 



Even with language, cost, skills or location advantages, India and Ireland 
are not always the first choice location for US or European firms seeking 
outsourcing. In India, political instability has raised concern with some 
firms, and there are labor force shortages in some areas of specialized tech- 
nical expertise. Eirms considering outsourcing from Ireland have had to 
weigh the advantage of location and language against the limitations of a 
much smaller labor force and rising wage levels, as shown in Table 3-6. 
Russia and China have the potential in the long term to become major par- 
ticipants in software and information technology services production. 

In Russia, software outsourcing is the focus of a number of firms and 
trade organizations. Russia has been undergoing a systemic transformation 
over the last decade and the economic transition has involved privatization, 
liberalization, creation of new institutions and the emergence of entire new 
branches and sectors of the economy. The slow demise of the Soviet mili- 
tary-industrial complex, the sectoral restructuring in the Russian economy 
and the prolonged economic crisis has led to a serious underemployment and 
underutilization of its human capital and its technical manpower. While seri- 
ous efforts have been made in the arena of “military conversion” they have 
not borne success to any significant degree, partly due to their strategy of 
concentrating on manufacture of consumer durables. The emergence of the 
software sector, beginning in the 1990s, has offered a new opportunity for 
the vast dormant pool of scientists, engineers and mathematicians. 



Lingblom (2002), Vijayan and Hoffman (2002). 
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The traditional strength of the education system in Russia in math and the 
sciences finds its expression in the sophisticated algorithms and complex 
coding which are the hallmarks of the Russian software sector vis-a-vis the 
Indian. Russia has almost four times the number of “R&D researchers” as 
India with a labor force less than one fifth the size, as shown in Table 3-6. 
Although wages are higher than in India, they remain well below other out- 
sourcing locations such as Ireland and Israel. 

Outsourcing in Russia has involved the participation of major US firms 
such as Sun Microsystems, IBM and Intel, each of which set up R&D cen- 
ters in Russia, employing significant numbers of high-level programmers. 
Another form of collaboration has involved contract research between firms 
set up by the sprawling scientific-research institutes in Akademgorodok 
(Science City, with a heavy concentration of research and scientific estab- 
lishments), Moscow, St. Petersburg and other major cities, with firms in 
Europe and the US. In addition to private sector participants from the West, 
the US Department of Commerce, as well as non-profit foundations, have 
invested in efforts aimed at gainful employment of scientists and engineers 
in Russia.^^ Under the impact of these influences and with the transition 
process having reached a mature stage, a dynamic software sector is now 
emerging in Russia, and is playing an increasing role in the global supply 
chain in software. Russian firms now participate actively in outsourcing re- 
lated to applications programming and project consulting, as well as in turn- 
key assignments and basic research. 

A survey by the authors of 48 Russian firms involved in outsourcing in- 
dicates that the sector is benefiting from the relatively large number of 
skilled programmers available at costs far below those in Europe or the 
United States^^. Outsourcing has been a critical factor in the growth of the 
sector, with more than 50% of output exported to the US or Europe. The 
firms have built on the available, underemployed expertise. The training pro- 
file of the labor force in these firms indicates substantially more education 
than is found within the Indian labor force, as shown in Table 3-7. This as- 
pect of the Russian advantage is perhaps the greatest competitive factor 
faced by Indian firms. One Indian firm, Mascon Information Technologies, 
has responded to this challenge by purchasing a Russian software manufac- 
turer.^^ 



See the US Department of Commerce BISNIS web site for further information on these 
programs and outsourcing to Russia in general. 

The survey is part of ongoing research on the Russian software industry, which will be 
published separately. 

VARITA (2003). 
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Table J-7. Educational Levels of Employees, Russian Software Outsourcing Finns 
(With Rough Equivalence in Degrees; Percent of Total Employees) 





Russia 


India 


Bachelor of Technology 


11J% 


42.9% 


Master of Technology 


49.5% 


7.2% 


PhD 


8.5% 


0.7% 


MBA 


1.0% 


5.2% 


Other Technical 


22.3% 


35.3% 


Other 


7.6% 


8,7% 


Source: Author survey^ Fall 2002 and Dossani (2003), 



Table 3^8. Who Facilitated US Business Contacts with Russian Firms? 



Type of Facilitator 


Percent of Russian Firms 


US Firm 


75% 


Russian Firm 


80% 


US Govt. Agency 


2% 


Russian Govt Agency 


0% 


Russian Diaspora 


35% 


Source: Author survey, Fall 2002. 



Table 3-9. Assessment by Russian Software Outsourcing Firms of Competitive Strengths of 
Rivals. (In Decreasing Order of Relevance and Importance, l=highest to 5=lowest relevance). 





India 


China 


Lower Wages 


1.8 


1.9 


Easy Availability of Labor 


1.9 


2.2 


Telecom Infrastructure 


2.8 


2.5 


Network of Research Institutes 


2.8 


2.5 


Math and Science Background 


4.0 


3.0 


Source: Author survey, Fall 2002. 
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Lack of trade organizations, business skills, financing and marketing ex- 
perience are seen as current impediments to growth. Most Russian firms now 
breaking into the outsourcing market are privately held, without direct gov- 
ernment support (although many of the staff were trained in Russian re- 
search institutions or state enterprises). They rely primarily on private busi- 
ness contacts — either Russian or US firms — for most of their business de- 
velopment, as shown in Table 3-8. The role of the diaspora is increasing, 
both along the US-Russia as well as the Israel-Russia axis. 

China shares some similarities but also has important differences com- 
pared to India or Russia as a place with long term potential for software in- 
dustry development and outsourcing. (See Table 3-9 for a summary of the 
Russian software sector view of competitive differences of China and India 
as compared to Russia.) China has a large workforce with a level of mathe- 
matical/scientific training at least equal to India’ s and a similar price struc- 
ture. The country’s stock of research professionals has risen rapidly over the 
last few decades. China’s institutional infrastructure for supporting services 
sectors is less well-developed than in India, and the country shares with Rus- 
sia a lack of experience in business organization and marketing and some 
English language barriers. Despite these barriers, China appears to be mov- 
ing towards becoming an important software site. As noted elsewhere in this 
chapter, the country is already seen as an important site for hardware pro- 
ducers, both because of low costs of production and because of the potential 
market. In addition, China is becoming a resource for Indian outsourcing 
companies, which can combine their business expertise with the skills avail- 
able in China to provide more diversity in locations (in the face of political 
instability on the Indian subcontinent), a greater mix of labor force skills to 
their clients, and the synergy that comes from welding their software excel- 
lence to the hardware expertise of Chinese firms. 

The global expansion of software production through outsourcing centers 
on several continents creates further economic interdependencies and pres- 
sures for restructuring the industry within the US. Many outsourcing centers 
experienced slowdowns in demand with the economic dip in the US in 
2001/2002. However, in some locations (most notably India) the slowdown 
was soon followed by an upsurge in demand as US firms tried to economize 
through moving additional functions to less expensive off-shore.^^ The role 
of high-tech services and software employment in California is likely to shift 
as these centers grow and mature. The question is whether the outsourcing 
will provide a cushion of lower cost labor to allow firms to continue operat- 
ing economically in California and other parts of the US, or whether the new 
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agglomerations will become a direct competition to California firms in soft- 
ware and systems development. 



3.10 FOREIGN COMPETITION 

The 1997 interviews found that firms in all sectors of the industry (al- 
though not all firms) were concerned with foreign competition (as well as 
with competition from other California and US firms). For software firms, 
the main foreign competition faced was in foreign markets, rather than do- 
mestically. Much of the competition came from firms producing products 
more specialized for the needs of the foreign market in terms of standards or 
language. Producers of high-end software products faced competition both 
domestically and abroad from firms seeking to produce lower cost alterna- 
tives, with US firms being the major competitors in US markets. One strat- 
egy for dealing with this competition (as well as for expanding into related 
areas) was the acquisition or merger of competitor firms. 

For component and PC manufacturers, foreign competition is much more 
significant in US markets as well as world wide, but a subset of firms in 
these subsectors saw US competition as more significant than foreign com- 
petition. For firms with strong market dominance (including some main- 
frame, specific component and network manufacturers), foreign competition 
might be unimportant for some products but significant for a subset of prod- 
ucts. All computer cluster firms were concerned about US limits on the ex- 
port of encryption technology and the opening given to foreign competitors 
in the worldwide market by these limitations. Software firms and some 
hardware firms were concerned about piracy and counterfeiting. 

3.11 LOCATION DECISIONS AND POLICY ISSUES 

Computer cluster firms constantly use location as a strategy in reaching 
new markets and in remaining competitive. They face the challenge of bal- 
ancing the advantages of the combination of resources available only in lo- 
cations such as California, with the high costs in the core areas where com- 
puter cluster firms locate. In the 1997 interviews, respondents indicated that 
the quality of California’s workforce is key to the continued presence of 
computer-related firms in Silicon Valley and other locations throughout the 
state. All but one firm referred to skilled labor as a primary reason for re- 
maining in California. The synergy provided by the proximity of many firms 
involved in computer-related activities also keeps many firms in the state. 
Specifically, firms mentioned the flow of information, proximity to inves- 
tors, the flow of new ideas and the opportunity to acquire start-ups as advan- 
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tages of being part of the California computer network. Related to this, 
communications infrastructure was seen by several firms as particularly 
strong in California. Other proximity advantages-to west coast markets and 
suppliers and overseas markets and suppliers— are also seen as advantages 
for a number of firms, as shown in Figure 3-10. The California quality of life 
was cited by about half of the firms interviewed. 



ADVANTAGES 




Percent of Firms Interviewed 

Figure 3-10. Advantages and Disadvantages of California Location to Computer Cluster 
Firms. Source: Responses to interviews with computer cluster firm executives, 1997. 

Despite these advantages, firms have several concerns about a California 
location. Housing and other living costs, and as a result labor costs, were the 
most frequently mentioned disadvantages. Many firms felt the state income 
tax made labor cost problems more severe. While California labor was seen 
as skilled, it was not always easy to hire skilled labor in a competitive 
growth environment. About one-third of firms also mentioned commercial 
real estate cost and/or availability as problems with California locations. Be- 
yond labor related issues, transportation congestion also troubled many 
firms. Government regulations, in the areas of workers compensation and 
land development, were seen as an issue by several firms, although a few 
also mentioned local and state programs to ease the effects of regulation as a 
plus. 

Of firms expecting to expand, the majority were considering sites outside 
of California, either elsewhere in the US or overseas. They cited both “push” 
and “pull” reasons for this trend. California costs and regulations were the 
major push factors (although the “push” acted only to shift expansion out- 
side of the area, and was not leading to relocation). Firms were drawn to out- 
of-state locations by land and labor costs, ease of transportation, location of 
foreign markets, and the many incentives offered by other states and nations. 
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The period following our interviews brought a series of challenges to 
computer cluster firms in California. During the 1990s, as the industry ex- 
panded rapidly, firms were faced with the decision of how to grow. A num- 
ber of software and networking firms (including Siebel, Cisco, Sun, and Sy- 
base), despite high labor costs, high housing costs, and worsening traffic 
congestion, adopted strategies of site expansion to satellite areas within the 
San Francisco Bay Area, close to their main operations and also to larger 
pools of housing. Some firms also took advantage of this period of strong 
revenues to expand their international opportunities. Oracle, for example, 
followed opportunities in France, Thailand and Vietnam during 2000; Auto- 
desk entered a joint venture with an Indian information technology firm to 
produce a new product. 

Once the contraction began in 2001, firms had to reduce costs. Layoffs 
were common. Some were spread widely, affecting foreign locations as 
much or more than the core employment in California. Other firms took the 
strategy of making heavy cuts in US manufacturing sites, consolidating 
manufacturing or services operations at lower cost overseas sites. Cutbacks 
of 15% at Silicon Graphics led the firm to close a plant in Switzerland in 
2001. Quantum closed a Colorado manufacturing facility while investing in 
Malaysia in 2000. Advanced Micro Devices closed two chip plants in Texas 
but also cut its workforce in Malaysia in 2001.^^ The software firms that had 
planned expansions within the San Francisco Bay Area sharply cut back 
those plans, in some cases paying costly penalties for broken leases. 

3.12 POLICY CONCERNS 

Interviews with firms indicated that they looked to state government for 
assistance with factors in California that affect competitiveness and to the 
federal government for assistance in areas directly related to foreign trade, 
imports and immigration. Government regulations and taxes were the most 
frequently cited state government programs that made it harder to remain 
competitive while located in California. Often it was the cumbersomeness of 
the process, rather than the absolute standard, that was most problematic for 
the firm. One firm gave the example of an overall environmental standard 
that could be met by the firm, but had become costly and cumbersome be- 



A whole series of articles in the San Francisco Business Times during 2000 document these 
plans. 
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San Francisco Business Times (January, August and November 2000). 

Corporate financial reports published in Lexis-Nexis. 
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cause the firm must repeatedly file for permits related to that standard with 
each minor facility change. 

Firms also mentioned a number of statewide programs that could help 
them in general with competitiveness, although not specifically in the inter- 
national arena. Many mentioned the general need for changes in the regula- 
tory process, especially in the areas of environmental controls, land devel- 
opment, and human resources. The need to maintain a strong education sys- 
tem was also emphasized. For example, one firm pointed to education as 
important not just as a means of producing the required skilled labor force, 
but also as an element in the recruitment of new employees, who seek good 
school districts for their families. Finally, a number of firms pointed to the 
incentives provided by other states and other nations as a significant factor in 
drawing expansion out of California. At least one firm had production facili- 
ties in a high cost European location chosen because of the generous conces- 
sions offered by the local government. 

The major computer firms saw only a narrow scope for state action with 
respect to global operations of the firms. The state could help, primarily 
through trying to influence federal level policy, in the area of encryption 
controls and policy towards software piracy. These were also the areas of 
most concern at the US policy level. The firms universally felt that encryp- 
tion controls were a significant limitation in the area of foreign sales. Most 
firms also sought protection for intellectual property rights abroad. 

3.13 APPLICABILITY TO OTHER SECTORS 

The computer cluster is among the most globally oriented sectors in Cali- 
fornia. Other California manufacturing sectors with high relative shares of 
trade include aerospace, instruments, and apparel. Food processing, bever- 
ages, agriculture and the motion picture industry are also significant export- 
ers, although trade is a relatively low share of food processing and beverages 
income. The basic typology of stages of globalization is applicable to all of 
these industries, but the manifestations differ among the industries and from 
the computer cluster. All of these sectors have some degree of global pres- 
ence beyond Stage I. 

Some, like food processing and beverages, have many “Stage I” opera- 
tions. Many food-processing companies interviewed for the 1997 study grew 
and processed their products within California and then exported from 
within the state. Foreign competition and trade agreements such as NAFTA 
have put cost pressures on other food processing companies, which are lead- 
ing to moves towards imported “inputs” (e.g. asparagus grown in Mexico 
and distributed by fresh products companies in the US) and production over- 
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seas (e.g. Chilean and Italian wine production by California firms — Stage II 
or 111).^° 

At the other extreme, high-tech manufacturing outside of computers, 
such as instruments manufacturing, can be expected to have globalization 
patterns similar to the computer cluster, especially with regard to imported 
inputs and specialized centers of manufacturing overseas. 

3.14 CONCLUSIONS 

Several key points emerge from examining the computer cluster: 

1) Exports versus Foreign Sales: A growing market for products from Cali- 
fornia companies will not necessarily be met through export growth 
from California establishments. For the computer cluster, in an intensely 
competitive foreign environment, demand abroad is likely to be met by 
sales from foreign subsidiaries or affiliates of US and California multi- 
national enterprises, with only a small proportion of the direct job 
growth (although perhaps a larger share of income growth) occurring 
withinCalifornia. 

2) Increasing globalization affects the employment mix in California’s 
computer cluster, and could have similar effects on other sectors. As 
more production occurs overseas, the R&D activities and much of ad- 
ministration appear closely tied to California. An increasing proportion 
of California jobs in these sectors are high paying and technically de- 
manding. Nevertheless, even here globalization plays a role. In the late 
1990s and 2000, high demand and short supply of knowledge workers 
encouraged some firms to set up entire divisions of programmers over- 
seas. In other sectors — food processing for example — competition from 
abroad may lead firms to seek other cost-cutting techniques, such as 
mechanization to reduce labor costs. 

3) Imported intermediate inputs and overseas production have complex 
effects on California’s economy. Global trade has the potential to 
strengthen California firms, providing inputs that help to maintain lower 
production costs and to diversify markets for products, thus cushioning 
fluctuations in demand. The ability to reduce costs through imported in- 
puts and overseas production has a negative effect on job production 
levels in the state but also improves the competitiveness of firms against 
other producers. 

4) Globalization may strengthen the advantages of service sector firms in 
California relative to manufacturing. In the computer cluster, for exam- 
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pie, the software firms maintained non-manufacturing activities primar- 
ily within the US, while moving manufacturing activities abroad. 

5) Foreign trade is a factor leading to the restructuring of production and 
jobs in California. In the computer sector, the drop in manufacturing 
jobs during a period of sales expansion was counteracted by a rise in 
services jobs in computer-related sectors. 

6) Environmental and land costs continue to play an important role in com- 
petitiveness of California firms in international markets and the long- 
term future of these firms in California. Even where there are strong ad- 
vantages to the industry from a California location, the factors underly- 
ing these advantages (skilled labor, underlying educational institutions, 
fertile land, adequate water supplies) need continued attention if the sec- 
tors are to remain competitive. 

The case studies suggest that many California firms have strengths and 
strategies that will allow them to compete in global markets, but that strong 
global exporters may also quickly become global producers. California eco- 
nomic development policy with regards to foreign trade must look at the 
topic in terms of its effects beyond the immediate sales levels in export areas 
to the broader impacts on firm structure, net job levels and occupational dis- 
tribution. We return to this topic in Chapter 7. 



Chapter 4 



Foreign Outsourcing and 
Domestic Industry^ 



Chapter 3 in this book describes at length the role of high-tech firms in 
globalization. It addresses both issues of global production and trade, and the 
consequent restructuring challenges faced by these firms. In this chapter, we 
look at the phenomenon of foreign outsourcing and the impact it has on la- 
bor market inequality and value- addition in domestic industry. 

In the United States, the wage gap between blue-collar (production) and 
white-collar (non-production) workers in the manufacturing sector has 
grown from approximately $7,500 in 1980, to nearly $24,000 in the year 
2000. A similar and more acute process has been underway in the state of 
California where the wage gap has increased from around $10,000 to over 
$30,000 over the same period.^ The US as a whole has lost close to three 
million manufacturing jobs in this period, with the bulk of the decrease com- 
ing from within the ranks of blue-collar workers. 

Although this pattern of growing wage inequality has been well docu- 
mented, its causes remain a matter of contention within the economics pro- 
fession. Some attribute perhaps one-sixth to one-third of the increasing ine- 
quality to the growing forces of globalization — international trade and in- 
vestment abroad, with the former competing away manufacturing jobs and 
the latter simply exporting them. Others find the globalization effect to be 



^ This chapter is an extension of work done with the collaboration of David Howe, a former 
colleague at the Fisher Center. The part of the chapter dealing with the period 1987-1992 
basically reproduces, refines and updates the results of Bardhan and Howe (2001). 
^Authors’ calculations based on Annual Survey of Manufacturers. 
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negligible: they believe the phenomenon of growing inequality to be linked 
with technological change or perhaps exogenous shifts in preferences and 
product demands. There is little doubt however, that the changing landscape 
of manufacturing in the United States, the emergence of serious manufactur- 
ing competition abroad, the dominance of services in national output, as well 
a number of other economic and political factors have all contributed to this 
phenomenon. 

Foreign outsourcing has gained momentum over the last few decades, 
particularly in the highly traded high-tech sectors.^ Trade in intermediate 
products, particularly in the high-tech sectors, is one of the defining themes 
of this book. Indeed, one of the signal attributes of a manufactured high-tech 
product is the extensive nature of its value-chain, the number of intermediate 
products, services and manufacturing steps that go into the final output. Pro- 
gress in transportation, communications, as well as in standardization has 
significantly increased the fragmented nature of production. The high-tech 
value-chain is now a multilateral production mosaic, spanning many coun- 
tries. In some cases, inputs are outsourced from the US to arm’s length sup- 
pliers, and in other cases the suppliers are affiliates of multinationals based 
in the United States, or, in the case of foreign-owned multinationals, the af- 
filiate in the US outsources its inputs to another affiliate abroad, or to its 
headquarters at its home base. In chapter 5, we deal with the latter kind of 
trade in intermediate inputs - known as in tr a- firm trade. 

In the first part of this chapter, we deal with two interrelated issues; we 
examine restructuring in manufacturing sectors in California in the context 
of foreign outsourcing. At one level, it contributes to the debate on inequal- 
ity by looking exclusively at the economy of California, a state where wage 
disparities, and the forces of both global economic integration and techno- 
logical change are at their most intense. In this context, we focus primarily 
on the impact that global linkages have on the economic fortunes of blue- 
collar and white-collar workers in the manufacturing sector, referred to as 
production and non-production workers, respectively."^ To this purpose we 



^ Original electronic equipment manufacturers are one industry where over half of the US and 
Canadian firms outsource at least part of their production abroad; plastic molding is a 
popular candidate for such contract work (Elliott, 1998). Input suppliers themselves repre- 
sent a highly organized sector, with firms managing facilities in multiple countries. That 
there can be considerable scope for substituting partly-assembled inputs for in-house labor 
is exemplified in the auto industry, where GM, Ford, Chrysler and Toyota purchase 53%, 
62%, 66% and 75% from outside foreign and domestic suppliers, respectively (Taylor, 
1994). 

^ These workers are sometimes called unskilled (blue-collar) and skilled (white-collar) work- 
ers. The general convention in the official data, the Annual Survey of Manufacturers 
(ASM) and the Census of Manufacturers (COM), is to refer to them as production (blue- 
collar) and non-production (white-collar) employees. 
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evaluate the impact of imports of intermediate inputs on the relative wages 
and employment of blue-collar workers.^ 

California is a region that sustained an acute recession in the early 1990s 
and experienced both divergent demands for blue- and white-collar workers 
and extensive exposure to foreign competition. Over our 1987-92 study pe- 
riod, the wage gap between production and non-production workers in Cali- 
fornian manufacturing establishments increased from $17,600 annually to 
$19,200, a change of $1,600 (in constant 1992 dollars). In our comparison 
region, comprised of the remainder of the US (or RUS), there was a smaller 
increase in manufacturing wage inequality, amounting to $1,200. Our results 
suggest that foreign outsourcing may account for a significant part of the 
increase in relative inequality between blue- and white-collar labor in Cali- 
fornia and the rest of the US. In terms of restructuring as a response to a re- 
cessionary environment, we find that industries with sharper sales declines 
were more likely to restructure by substituting imported intermediate inputs 
for domestic blue-collar labor. 

In addition to the impact foreign outsourcing has on relative demand for 
unskilled labor, our approach, which incorporates imported inputs, allows us 
to simultaneously analyze the nature and timing of adjustment and restruc- 
turing undertaken by firms. Empirical work and a casual reading of the busi- 
ness press together suggest that industries reengineer their labor force in fits 
and starts, or to borrow a phrase from another discipline, in a series of punc- 
tuated equilibria: downsizing and restructuring is episodic, and often coin- 
cides with periods of low product demand and financial difficulties.^ For 
economists, this is a puzzling phenomenon because it entails extended peri- 
ods of non-optimizing behavior. 

In the final part of the chapter we also examine the impact of foreign out- 
sourcing on high value-added jobs. Looking at the phenomenon of restruc- 
turing through outsourcing from the viewpoint of a firm, it is clear that this 
cost-cutting exercise leads to higher value addition through lowering of input 
costs. Many observers have pointed out that over the years, the US as a 
whole, and California in particular, have managed to retain the higher value- 
added jobs. Here we show how that has come about in the context of foreign 
outsourcing, which has nibbled away at the lower end of the manufacturing 
spectrum in terms of value-addition per employee. The slow deindustrializa- 
tion and loss of manufacturing jobs mentioned in the beginning of this chap- 
ter are partly a manifestation of this trend. 



^ Feenstra and Hanson (1996a) study this phenomenon of “foreign outsourcing”, whereby 
higher imported inputs lead to lower relative demand for blue-collar labor. 

^ Of course restructuring can also occur during booms: Greising (1998) documents a number 
of companies that are downsizing even in the face of strong company earnings. 
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Our period of analysis spans the years 1987-1997, encompassing the 
three most recent Economic Censuses of 1987, 1992 and 1997, and hence 
includes the recession of the early 1990s that affected California so severely. 
The period from 1987 to 1992 deals with restructuring through foreign out- 
sourcing during a recessionary downturn, and the impact that had on relative 
inequality between production and non-production workers, which increased 
during this period. The period 1992-1997 is qualitatively different for manu- 
facturing in California. First, this is a period of growth, albeit of an uneven 
nature, and second, relative inequality decreased in these five years, as 
measured by our metric, which is the share of blue-collar wages in total pay- 
roll. Our emphasis in that period is therefore somewhat different, and deals 
mostly with the high-tech sectors, their imports of intermediate inputs and 
the subsequent impact on value-addition. 

The story that unfolds in this chapter is that of increased foreign out- 
sourcing, more actively resorted to by firms as an adjustment response dur- 
ing downturns, leading to greater inequality between skilled and unskilled 
workers, but which simultaneously increases value-addition per employee. 

4.1 LITERATURE REVIEW 

Standard international trade theory, embodied in the Stolper-Samuelson 
theorem and the Factor Price Equalization and Insensitivity (FPI) theorem, 
implies that changes in the international marketplace are communicated 
through relative price changes.^ The FPI theorem contends that changes in 
factor prices, e.g. wage levels, are caused by changes in prices of traded 
products, and in the absence of the latter, simple quantitative changes in im- 
port levels should not affect wages. In contrast, in a study of the impact of 
import price indexes on wages and employment in nine US manufacturing 
industries, Grossman (1987) reports that the elasticity of domestic wages 
with respect to import price indexes is statistically indistinguishable from 
zero. Whether these results reflect an underlying insensitivity of wages to 
international factors or merely systematic bias in available price data re- 
mains unclear. At the very least, Krugman and others have noted that the 
period of greatest trade expansion — from 1950 to the mid 1970s — generally 
preceded the span of time with growing wage inequality. 

The debate in the discipline centers on trade theorists, who argue in line 
with the FPI theorem that the labor markets will only be impacted by a 
change in prices of traded goods, and labor economists who maintain that 
imperfect measurement of product quality renders us incapable of perceiving 
such drops in final good prices and that regardless, trade in goods embodies 
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the factors employed. Hence, an increase in the level of imports is tanta- 
mount to an increase in the supply of the embodied factor, and therefore a 
fall in its relative price, i.e., that workers will be displaced or forced to take 
wage cuts. Labor economists therefore conclude that regressions relating 
wage changes to import levels are appropriate. 

Our study utilizes a different approach, originally developed by Feenstra 
and Hanson (1996). We focus on one aspect of globalization, the substitution 
of unskilled in-house labor with foreign intermediate inputs. Feenstra and 
Hanson point out that such outsourcing tends to narrow the range of eco- 
nomic activities of a firm and hence changes the relative demand for differ- 
ent types of labor within the firm. A general equilibrium model in Baldwin 
and Cain (1994) shows this mechanism to be theoretically sustainable: im- 
ported inputs allow foreign labor to compete with unskilled domestic labor 
even in the absence of changes in output prices. The reduction in relative 
demand for blue-collar workers can thus be partly attributable to the increase 
in the share of imported inputs used by an industry. 

Since our aim here is to simultaneously address the issue of restructuring 
through this kind of outsourcing, we also take inspiration from a different 
branch of literature. Identifying a period of restructuring — when production 
processes within an industry are reengineered while production employment 
declines — ^poses some problems for the researcher since it must be distin- 
guished from the temporary shedding of labor that occurs during a downturn. 
Constructing numerical estimates of efficiency-augmenting innovations is 
also a challenge: measures of capital are problematic since it is difficult to 
distinguish between capital that substitutes for labor and capital that com- 
plements it.^ 

Davis, Haltiwanger and Schuh (1996) explore the link between restruc- 
turing and economic downturns. Using the Longitudinal Research Database, 
a dataset that measures expansions and contractions of employment at the 
plant level, the authors report mixed evidence that restructuring takes place 
predominantly during recessions. Not surprisingly, job destruction (or more 
accurately, plant-level quarterly declines in employment) is countercyclical: 
job creation falls and job destruction rises during a downturn, leading to a 
net job loss. Job destruction is persistent: most of the plant-level quarterly 
declines in employment continue into the next year, notwithstanding sea- 
sonal effects. The sum of job creation and destruction, termed “job realloca- 
tion” by the authors, is strongly countercyclical, indicating to them that the 
recessions have a connection with the restructuring process. At the same 
time, they also emphasize that most of the variation in job reallocation is 



Also, capital measures are derived from investment data and are sensitive to assumptions 
regarding depreciation. See Katz and Herman (1997). 
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associated with neither aggregate nor sectoral changes in demand, but rather 
with “idiosyncratic shocks”, that is with conditions that are peculiar to each 
individual plant, suggesting that restructuring is also an ongoing process. 

Caballero and Hammour (1994) explain job destruction’s greater cycli- 
cality with a model that assumes that costs of creating an additional produc- 
tive unit (whether a plant or a process) rises with the number of productive 
units being created in the economy. As a result, variations in output cannot 
be accommodated purely by variations in job creation, and recessions serve 
to “cleanse” the economy of obsolete technologies. 

Some evidence exists that both foreign competition and economic down- 
turns promote structural change within manufacturing, although the two are 
typically not considered together. Baldwin and Caves (1998) survey the em- 
pirical literature showing that industries experiencing more intense foreign 
competition tend to show greater productive efficiency. In the same article, 
they use panel data to show greater industry turbulence, that is more plant 
closings, openings, company mergers and the like, in sectors more exposed 
to international trade flows. 

Feenstra and Hanson (1996b) note that foreign outsourcing can represent 
a source of increasing income inequality in the U.S. to the extent that the 
labor embodied in the imported inputs substitutes for domestic unskilled la- 
bor. Although they did not establish such a relationship during the 1972- 
1979 interval, they did obtain statistically significant results for 1979-1990. 
They also note that their results were primarily connected with changes oc- 
curring during just two years, 1979 and 1981. Since partly manufactured 
inputs are typically not traded publicly, a reliable and accurate imported in- 
put price index would be difficult to construct. As an alternative, Feenstra 
and Hanson use changes in the volume of imported inputs as a proxy for 
changes in lower-skill input requirements, noting that their approach is con- 
sistent with the general equilibrium framework developed by Baldwin and 
Cain (1994) and others. 

The 1980s witnessed an upsurge of popular articles in the press about the 
increasing phenomenon of outsourcing and the export of American jobs 
abroad. At the same time, a number of economists, such as Laura Tyson 
(1987) and others, started pointing out that although a number of blue-collar 
manufacturing jobs had migrated abroad, this process was also accompanied 
by the retention in the US of higher value-added jobs. The key to a competi- 
tive policy, it was maintained, was to nurture innovation and dynamism in 
the industrial sector that would keep creating higher value-added, higher 
paying jobs. In a more empirical context, Egger, Pfaffermayr and Wolfmayr- 
Schnitzer (2001) show that outsourcing of Austrian manufacturing to East 
European countries significantly improves domestic growth in total factor 
productivity. 
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Due to the paucity of data at the state level, as well as the difficulties in 
comparing data from 1997 with that of previous years due to the introduction 
of the new industrial classification system, we set ourselves a much more 
modest goal. Our analysis of the impact of outsourcing on value-addition, as 
well as more generally of the period 1992-1997, is therefore of a rather de- 
scriptive character. We cover the upturn in the high-tech industry in that pe- 
riod and describe the changes in wages and employment. We also follow the 
evolution of value- addition per employee in manufacturing as a whole and in 
high-tech sectors and relate it to the continuing increase in the share of im- 
ported inputs in manufacturing. 

In the next two sections, we describe our empirical model and use it to 
consider whether the recession of the early 1990s produced a significant out- 
sourcing effect, together with a concomitant rise in inequality between blue- 
and white-collar workers. In addition, we examine whether episodic restruc- 
turing can be demonstrated in a cross-sectional, cross-industrial context. We 
will see that the kind of fundamental changes in production reflected in for- 
eign outsourcing occur predominantly, though not exclusively, in industries 
experiencing steeper declines in sales. 

4.2 EMPIRICAL MODEL’ 

To attain the necessary variance in the regressors, we require data from a 
region that has experienced a substantial downturn in the recent past and has 
encountered both divergent demands for blue- and white-collar labor as well 
as exposure to foreign competition. In addition, the region must have suffi- 
cient economic activity to report data for a large sample of SIC codes. Cali- 
fornia fits these criteria very well. Of course, the whole of the US shares 
these characteristics as well, albeit to a lesser extent. We therefore include 
for comparison purposes the results from another region, the US apart from 
California, which we call the Rest of the US (or RUS).^^ 

Data from the Census of Manufactures (COM), the Annual Survey of 
Manufacturers (ASM), the NBER productivity database, and the Department 
of Commerce’s Trade File were used. We estimate a model based on Feen- 
stra and Hanson (1996a and 1999). The following model is estimated: 



^ Sections 4.2, 4.3 and 4.4 are based on Bardhan and Howe (2001), with some corrections and 
changes. 

^^As the Californian economy is approximately one-seventh of the US, using the entire US as 
a comparison group would be problematic. 
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(1) AtDj = c + piASi + P 2 A(Ki/Yi) + paCYCLEi + PaDEPTHi + 
pjDEPTHi*ASi. 



where, 

(2) Asi = A(Oi/Mi) 

(3) Oi = Ej ( mij*(Mi/2j mij)*{Ij /(Yj- Xj + Ij)}). 

Variables and symbols are defined as follows: 

■ At0i is the change in the share of blue-collar labor payroll over total pay- 
roll at the four digit SIC level. The variables are first differences be- 
tween the levels in 1987 and 1992. These years correspond to Economic 
Census years, when detailed 4 digit data for California can be obtained 
from the Geographic Area Series. 

■ A(Kj/Yi) is the change in the capital-sales ratio, used as a control vari- 
able in the regression. Capital data for the capital-sales ratio were gath- 
ered from the NBER productivity database for the years 1987-1991.^^ 

■ CYCLEi = (92 SaleSi)/(Maximum (87 to 92) of SaleSi) is the ratio of in- 
dustry sales in 1992 relative to the maximum value of industry sales in 
the period 1987 to 1992. This variable identifies the sector’s position in 
1992 relative to the business cycle of the period 1987 to 1992. 

■ DEPTHj = (Minimum of Salesi, (87 to 92))/(Maximum of sales (87 to 
year of minimum sales)) is the ratio of the minimum sales from 1987 to 
1992 relative to the maximum sales between 1987 and the year of mini- 
mum sales. This variable reflects the intensity of the industry downturn. 

■ ASi = A(Oj/Mi) denotes the change in the share of imported inputs over 
total material inputs net of energy for the sector i. 

■ Oj is the total amount of imported inputs used in producing good i. 

■ mjj are the material inputs from industry j used in the production process 
of industry i. 

■ Mi is the total material inputs, net of energy, used in producing sector i 
goods. The term Mj/Zj m^ is greater or equal to one and adjusts for the 
fact that not all materials are reported by type for different industries, 
and therefore accounts for missing materials. 

■ The term {lj/(Yj-Xj+Ij)} is the import intensity index for industry). Ij are 
the US imports of this input, Xj are the exports and Yj the total sales of 
industry). The index therefore is a measure of the share of imports in the 
total domestic market for good). 
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1992 capital data were available only in preliminary form at the time of this writing. 
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The key assumption underlying equation (3) is that the ratio of imported 
inputs to total inputs of industry j goods equals the ratio of total imports to 
the total domestic market for industry j goods. For example, if imported in- 
tegrated circuits equal 25% of the domestic market, then an industry using 
$1 billion of integrated circuits as inputs is assumed to import $250 million 
of this input. The imported inputs are then summed over the entire range of 
identified inputs for each output industry i. The share of imported inputs in 
total material purchases for industry i (Sj) then equals Oj/Mj. 

The variables in this model have been constructed with California data 
except for Sj and (KiA^i). The problem for these two variables is that the 
Economic Census (regional) does not publish state-level input data. Instead, 
we have relied on 4-digit US data, implicitly assuming that the California 
industries parallel the US industries, at least in these dimensions. 

Our a priori expectation about the sign on pi. our main coefficient of con- 
cern in equation 1, is negative, since that would imply that an increase in the 
share of imported inputs in manufacturing leads to a decrease in the share of 
blue-collar payroll. Since the right-hand side variables may be determined 
simultaneously by firms, estimates of the coefficients on imported inputs 
may be biased. The instrument, CHEPII, or the “change in the export pro- 
pensity of inputting industries” is used: 

(4) CHEPIIj 

i i 

i 

Our instrument differs from our imported inputs measure in that it does not 
reflect changes in the input mix occurring between 1987 and 1992 and it 
uses an export share measure rather than the import intensity index. The in- 
strument will be correlated with our imported inputs measure, since there is 
typically a positive correlation between an (inputting) industry’s imports and 
its exports. Also, holding the material weights constant allows the instru- 
ment to be independent of possibly endogenous shifts in the production 
process. That is, the instrument should be uncorrelated with the error term. 
The interaction term in (1) uses the instrument CHEPIPDEPTH. 



The basic equation is comparable to Feenstra and Hanson (1996b), as verified by private 
correspondence, except that our import intensity measure nets out the effect of exports in 
the denominator to capture the size of the domestic market more accurately. 

The Census of Manufacturers provides 4 digit intermediate input data. Rigby and Essletz- 
bichler (1997) report, however, that input coefficients vary significantly by region at the 2 
digit level. We minimize this problem by focusing on a substantially narrower SIC coding 
and considering changes rather than levels. 

Recent literature on intra-industry trade, even at the 4-digit SIC level, demonstrates the 
high correlations between exports and imports within an industry. 
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4.3 REGRESSION RESULTS 

Table 4-1 shows summary statistics for the key variables. Over the pe- 
riod, California manufacturing production workers’ share of total payroll fell 
from 45% to 41.5%, while in the rest of the US it decreased from 58.5% to 
57%. In the key high-tech sectors for computers and semiconductors (SIC 
357 and 367), the decrease was comparable, although the shares were much 
lower to begin with: 27.7% for California and 35% for RUS. 



Table 4-1. Summary Statistics, Manufacturing Sector, 1987 to 1992 



Variable 


Region 


Mean 


Median 


Standard 

Deviation 


Change: Production Payroll 


California 


-0.035 


-0.030 


0.061 


divided by Total Payroll (Am) 


Rest of US 


-0.016 


-0.018 


0.029 


Change: Imported Inputs divided 
by Total Materials (As) 


US 


0.021 


0.013 


0.038 


Cyclic Variable (DEPTH) 


California 
Rest of US 


0.820 

0.883 


0.837 

0.898 


0.116 

0.079 


Source: Bardhan and Howe (2001), US Economic Census 1987 and 1992 



Table 4-2 presents our regressions, which are estimated on a cross- 
sectional sample of 218 manufacturing sectors at the 4-digit SIC code level. 
The dependent variable is the change in the payroll share of blue-collar 
workers. The first column suggests a modest negative effect of imported in- 
puts on the relative demand for blue-collar labor in California. In the rest of 
the US, column 4 shows a smaller and less significant coefficient. In the ini- 
tial OLS specification in Table 4-2, the signs on the cyclic variables are 
highly significant for both California and the rest of the US in an unexpected 
direction: it would appear that cyclical downturns favor blue-collar workers 
in manufacturing at the expense of their white-collar brethren. 

The F-tests show that the imported input and interaction coefficients are 
jointly significant for both regions. At the bottom of the table, we evaluate 
the overall magnitude of our particular form of restructuring with R: 

(5) R =— = + /?5 * DEPTH 

dAs/ 

For California, R is negative and significant for most values of DEPTH, i.e. 
over a range of one standard deviation on both sides of the mean. For RUS, 
the findings suggest a negative relationship between imported inputs and the 
relative demand for blue-collar labor, albeit to a slightly lesser degree and 
appears confined to sectors experiencing sharper downturns, since it is not 
significant when assessed at mean plus one standard deviation. 



Table 4-2. Regression Results: Dependent Variable is Atg, Change in the Share of Blue-Collar Payroll 
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Table 4-3. Share of Industries with Declines in Sales at Varying Levels 
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How the intensity of the imported input effect varies with the hardship ex- 
perienced by the sector is indicated by the cross-partial derivative, 



( 6 ) 



^ (Ablue - collar payroll share) 
5(importcd inputs) d(DEPTH) 






which is positive and highly significant in both regions and specifications. 

Table 4-3 shows how foreign outsourcing varies among industries ex- 
periencing milder and harsher declines in sales. The top row is derived from 
the DEPTH variable, and reports the maximum sales decline during the pe- 
riod of study. Since we were not considering restructuring that might have 
taken place prior to 1987, sales declines are measured only relative to peak 
years occurring during the 1987-1992 interval. The next set of rows show 
the share of industries suffering various declines in sales during selected 
years. Declines of 2% to 5% are not unusual, even during years of economic 
expansion such as 1989. Sales declines of 20% or more can be characterized 
as recessionary. Our model shows that restructuring in California is four to 
seven and one-half times as intense for industries experiencing a 20% de- 
cline compared with those whose sales dipped 5% (Compare the figure - 
0.675 with -0.090, and the figure -1.061 with -0.257). In RUS, a 5% sales 
decline does not prompt the sort of restructuring that lowers relative demand 
for blue-collar workers. To the extent that such restructuring occurred in 
RUS over the period, it was two to four times as intense in industries whose 
sales declined by 20%, when compared with those experiencing a 10% de- 
cline. 

To gauge the overall effect of imported inputs on our measure of the rela- 
tive demand for blue-collar labor, R (from equation 5) can be evaluated at 
the mean value of DEPTH. Using those values from Table 4-2 and applying 
them to the change in imported inputs over the period, from Table 4-1, we 
can get the share of the change in blue-collar payroll ratio that is due to for- 
eign outsourcing. In California, OLS and instrumental variables estimation 
implies that the increase in imported inputs accounts for one-third to one- 
half of the decrease in blue-collar payroll shares, respectively. In RUS, com- 
parable calculations suggest that foreign outsourcing is responsible for about 
20% to 50% of the relative increase in inequality between blue-collar and 
white-collar workers. However, the higher figure is not statistically signifi- 
cant. 

Several explanations may account for the relative disparity between Cali- 
fornia and RUS, as well as the somewhat weaker results in the latter. Part of 
the explanation is compositional: the ten sectors with the largest changes in 
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imported inputs accounted for 10% of California blue-collar employment in 
1987, but only 5% ofRUS. 

The regressions also do not reflect the migration of Californian produc- 
tion facilities to lower wage states such as Arizona or Texas during the pe- 
riod. This problem was especially acute for SIC codes 3674 and 3679, semi- 
conductors and miscellaneous electronic components, where blue-collar pay- 
roll shares declined for California but rose for the remainder of the US. 

The 1987-1992 segment of Table 4-4 indicates some shifting of blue- 
collar jobs from California to RUS, at least for these two industries. The 
blue-collar wage gap between California and the rest of the US narrows and 
California blue-collar employment declines whereas RUS has the opposite 
experience. Yet, as the table shows, the migration of production workers 
does not fully account for the employment changes in the 2 regions, suggest- 
ing a more elaborate story than one reflecting a simple transfer of jobs from 
one part of the country to another. 



Table 4~4. EmpLoymeni Profile of Semiconductors and Electronic Component Industries 





Semiconductors 


Electronic Components 


Change m share of Blue- 
Collar Payroll 
1987 to 1992 

Change in Blue-Collar 
Employment 1987-1992 

Change in Blue-Collar 
Employment 1992-1997 , 


California RUS 

-0.033 0.019 

-3,100 400 

2,285 8,900 


California RUS 

-0.098 0.028 

-800 12,700 

11,900 44,000 




All In 1992 Dollars 

Blue-Collar Annual Wage 
Gap for 1987 

Blue-Collar Annual Wage 
Gap for 1992 

Blue-Collar Annual Wage 
Gap for 1997 


California - RUS 
$2,537 
$1,883 
$2,850 


California - RUS 

$2,716 , 

$2,305 

$6,291 


Source: Based on Bardhan and Howe (2001), Economic Census of 1987, 1992, and 1997. 



Foreign Outsourcing and Domestic Industry 1 05 

4.4 THE RESULTS EXPLAINED 

Our results indicate that instead of indulging in continuous optimization 
behavior, firms tend to optimize in punctuated equilibria, or in fits and starts, 
and that the periods of intense restructuring coincide with recessionary 
downturns. Managers in troubled industries are more likely to adjust their 
production processes by substituting imported inputs for less skilled labor. 
This raises the suspicion that less vulnerable industries may be passing over 
efficiency- augmenting opportunities, at least those that involve workforce 
reductions. Although a casual reader of the business press might find this 
unsurprising — firms are often characterized as being “forced” to downsize — 
the theoretical basis for postponing cost cutting until reduced sales force the 
issue remains unclear. Below we discuss four sets of explanations: lumpy 
adjustment costs, dynamic considerations, agency explanations and labor 
relations. 

4.4.1 Lumpy adjustment costs 

A firm with only a small inefficiency in its production process may de- 
lay restructuring this process in the presence of lumpy adjustment costs. Af- 
ter all, a firm will bear the large fixed investment cost to upgrade its produc- 
tion process only at that point in time when the benefits of restructuring ex- 
ceed the costs of restructuring. 

4.4.2 Dynamic Considerations 

Caballero and Hammour (1994) build a dynamic model of “creative de- 
struction” whose main features appear to be broadly consistent with our re- 
sults. In their model, technological progress is monotonic, with the newest 
production units embodying the most productive technology. Because entry 
is costly, production units with varying productivities can coexist. Techno- 
logical change is determined by the exogenous rate of technical advance as 
well as two endogenous factors. These are the rate of entry of high produc- 
tivity units and the varying age of obsolescence of the least productive and 
by assumption oldest units. A drop in output demand reduces the creation 
rate at the high productivity margin and increases the destruction rate at the 
low margin. One of the main results of the model is that destruction of the 
older units will vary more than the creation of new ones across the business 
cycle. 
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4.4.3 Agency Issues 

It is not surprising that hard times may promote restructuring if credit 
constraints and negative cash flow create the possibility of bankruptcy. In 
less apocalyptic circumstances in contrast, shareholders may exert less pres- 
sure on industries suffering from larger sales declines, since industry-wide 
changes might be interpreted as reflecting factors beyond the control of 
management. At the same time, managers who favor a quiet life may defer 
restructuring that entails job loss, contrary to the interests of their sharehold- 
ers. 

There is also evidence for loss aversion and poor information acquisition 
among proxy voters: DeAngelo and DeAngelo (1989) observe that dissi- 
dents tend to cite simple measures of performance, such as negative account- 
ing profits or stock declines from all time highs. Complex statistical analyses 
are invariably absent, the thinking being that holders of shares traded in liq- 
uid markets are unlikely to evaluate management in a meticulous fashion. 

Of course, proxy contests are not the sole mechanism for changes in 
management. Warner, Watts and Wruck (1988) note that lagging stock re- 
turns can promote managerial turnover. The effect appears driven predomi- 
nantly by the top and bottom deciles of the stock performance distribution. 
Furthermore, firms in poorly performing (2 digit) industries appear to ex- 
perience higher CEO turnover, even after controlling for own-firm stock 
price effects. Whatever the reasons, managers in industries suffering from 
higher sales declines may feel extra pressure to cut costs. 

4.4.4 Labor Arrangements 

Work arrangements in traditional unionized or union-influenced settings 
typically allow for layoffs during economic downturns, subject to seniority 
practices. An implicit agreement seems to be at work here: a reluctant accep- 
tance of layoffs during really bad times in exchange for security during mar- 
ginally bad ones. This would tend to explain the sudden jump in propensity 
to restructure with deeper downturns. Workers operating under a salaried 
model of employment may receive greater assurances of job security, al- 
though this, too, is limited by the economic environment: job loss may be 
acceptable provided the firm is perceived as making good faith attempts to 
avoid such an eventuality. Under either structure, managers may believe that 
dismissals during economic expansions could hurt employee morale, leading 
to low effort and bad labor relations in general. If this is the case, terminat- 



15 



See Osterman (1993) for a discussion of the industrial and salaried models of employment. 
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ing workers during hard times is more acceptable since it is perceived as 
necessary. 

Evidence for such a view is limited though: most studies of fairness in 
the economics literature have focused on wages and prices. A survey of 
white-collar survivors of restructured workplaces revealed that those who 
anticipated further layoffs were more apt to report lower loyalty and work 
effort as well as higher quit intentions. Even if the latter attributes of em- 
ployees are misperceived there is the possibility of an equilibrium of mis- 
trust created on both sides, and the managerial response might be to pre- 
empt that. 

4.5 THE UPTURN IN HIGH-TECH INDUSTRY AND 
CALIFORNIA ECONOMY, 1992-1997 

The period 1987-1992 saw an overall decrease in the share of production 
workers’ wages in total payroll in manufacturing as a whole, and an increase 
in the share of imported inputs in all inputs used in manufacturing. The pre- 
vious sections demonstrated how the increase in foreign outsourcing and 
rising inequality between blue- and white-collar workers are linked. We also 
showed how foreign outsourcing is used as an adjustment strategy by firms 
during recessionary downturns. 

In contrast, the period 1992-1997 was marked by a significant improve- 
ment of economic conditions for California in general, and for the high-tech 
industry in particular. The 1992-1997 segment of Table 4-4 indicates the 
reversal in fortunes for California’s high-tech sectors: 

• The wage gap between California (CA) and the rest of the US (RUS) 
again increases. 

• Employment gains for RUS are much higher than in the earlier period, 
although this time it is not at the expense of California, since blue-collar 
employment in the latter also increases significantly. 

At the same time, the share of imported inputs in all input usage in manu- 
facturing has gone up steadily from around 10.5% in 1987 to 12.7% in 1992 
to over 16% in 1997. In the high-tech sectors, the proportion was signifi- 
cantly higher to begin with and has increased further, as shown in Eigure 4- 
1. Imported inputs occupy a significant share of overall imports into the US 
as well. As shown in Chapter 5, approximately 38% of all goods and mer- 
chandise imports of the US in 1992, were intermediate goods used in manu- 
facturing. The figure increased marginally to around 39% in 1997. The im- 



Tumvey and Feldman (1998). 
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portance and significance of imports in general, and imported inputs and 
high-tech imported inputs in particular, is underscored by the fact that in 
1997, high-tech imported inputs accounted for 25% of all imported inputs. 



40 

35 

30 



25 

20 

15 

to 



Share of Imported Inputs in Total Inputs: 
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Figure 4-1. Share of Imported Inputs in Total Inputs, Total Manufacturing vs. High-Tech 
Sectors. Source: See Appendix Chapter 5. 

Together with a cyclical upturn in the economy after the just concluded 
recession of the early 1990s, the period 1992-1997 also saw a major struc- 
tural and technological change in the economy with the coming of age of the 
Internet and of E-Commerce, as well as related sectors, such as wireless 
communications. Between 1992 and 1997 there was a significant increase in 
the share of the payroll going to blue-collar workers, both in California, as 
well as the US as a whole, while the share of imported inputs in total inputs 
increased further. The absence of a downturn, as well the increase in the 
share of blue-collar payroll share meant that a study similar to the one in 
previous sections was not possible. In addition, the Economic Census data 
for 1992 and 1997 are comparable only to some extent, and the imperfect 
matching of manufacturing sectors in the two years creates severe difficul- 
ties in the kind of econometric work that was done for the previous five-year 
period. 

Eigure 4-2 shows how the share of production workers’ wages in total 
payroll has evolved over time. There is a significant drop between 1987 and 
1992, particularly for California, but by 1997 it is already higher than a dec- 
ade before. Since then it seems to have remained steady, although in all like- 
lihood the present ongoing downturn, as of 2002, is also taking its toll on it. 
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The cyclical nature of this data might seem to pose a problem at first sight, 
since a one-time permanent restructuring was part of the initial working hy- 
pothesis. The manufacturing jobs which leave the shores of the US or Cali- 
fornia were thought to have gone for good. However, conceivably the latter 
explanation may still hold, since our data does not throw light on whether 
the increase in demand comes from new sub-sectors in manufacturing, 
which grew rapidly in those boom years. If that is indeed the case, then as 
with any new branch of manufacturing first set up in the US, an initial boost 
to blue-collar ranks would naturally follow suit, before subsequent develop- 
ment of skills and infrastructure abroad in less costly economic environ- 
ments, followed by foreign outsourcing. 

To gain additional insights it is worthwhile to look at some high-tech sec- 
tors that have been at the forefront of the restructuring process. We see from 
Figure 4-3 that for the high-tech sectors, which include computer, peripher- 
als, components and semiconductor manufacturing, the share behaved in a 
fashion similar to that for manufacturing as a whole, through 1997. How- 
ever, the shares of blue-collar payroll in California, and in high-tech sectors, 
are lower than the corresponding shares in the US and in total manufacturing 
respectively, and the differences at the level of individual wages are even 
more stark. By 1997, in California the wages of a blue-collar worker in the 
high-tech industry were $33,000, about half those of a white-collar worker in 
the same industry — $65,000, while in the US as a whole the corresponding 
figures were $29,000 and $56,000. 

Thus, in spite of the cyclical nature of the data, there is evidence that the 
process of decreasing demand for blue-collar labor through foreign outsourc- 
ing may very well be continuing in the present downturn in the high-tech 
manufacturing sector. Apart from the anecdotal evidence in favor of this hy- 
pothesis, as well as the findings of the case study chapter in Chapter 3 of this 
book, one should also take into consideration the complex motivations for 
fragmented production in high-tech. Chapter 5 will shed some light on the 
role played by multinational corporations in trade in intermediate inputs. 
Within firm trade, or intra-firm trade in general, and intra-firm trade in in- 
termediate inputs in particular, are determined by a host of additional fac- 
tors, rather than merely being the outcome of foreign outsourcing brought 
about by cost-cutting due to local economic conditions. Tax considerations, 
transfer-pricing issues, global market potential and a number of other factors 
play a role. It is the cutting edge, innovative nature of high-tech in California 
in particular, that periodically boosts blue-collar demand, whether in pilot 
plants or initial manufacturing setups in the US, to be followed later by for- 
eign outsourcing. 
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Figure 4-2. Share of Production Workers Wages in Total Payroll, California (CA) vs. US. 
Source: Annual Survey of Manufacturers and the Census of Manufacturers. 
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Figure 4-3. Share of Production Workers Wages in Total Payroll in High-tech Sectors: CA 
vs. US. Source: Annual Survey of Manufacturers and the Census of Manufactures. 
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4.6 FOREIGN OUTSOURCING AND VALUE- 
ADDITION 

Apart from its impact on labor market inequality, foreign outsourcing af- 
fects firms in yet another way. The process of outsourcing inputs from 
abroad leads to lower costs, and hence for a given level of sales or shipment 
values, to an immediate improvement in value addition, since the latter is 
nothing but the difference between sales and material input costs. Of course, 
value addition increases from a host of other productivity enhancing factors, 
technological improvements and managerial innovations. 

Figures 4-4 and 4-5 show the rapid increase in value addition per em- 
ployee, both in manufacturing as a whole and in the high-tech industry in 
particular. Although the figures are in nominal dollars, the increase in value 
addition per employee for California during the period 1987-2000 is 108%, 
while for the US it is 82%. It is interesting that nominal wages of all manu- 
facturing employees in the same period rose by 44% in California and 53% 
in the US as a whole. The increasing share of corporate profits in value- 
addition that the data implies, and for which there is some evidence in the 
national accounts as well, is part of the story behind the remarkable run up 
of stock prices practically throughout this period. 

How much of a role in all these phenomena did foreign outsourcing play? 
To get an indicative answer we turn now to a simple regression analysis that 
will help us with an assessment of the contribution of foreign outsourcing to 
value-addition per employee. We estimate the following equation, similar to 
our earlier specification for the period 1987-1992. Unlike the earlier equa- 
tion, the present model is in levels for the year 1997 and not in first differ- 
ences, since the data for 1992 and 1997 are not comparable at a 4-digit level 
of detail. The other difference of course is that here our dependent variable is 
value addition per employee in each 6 digit NAICS code, Vj. 

(7) Vi = constant + PiSj + P 2 Ki/Yi . 



The right hand side contains both the imported input variable, normalized 
by sales and control variables such as capital sales ratio, from our earlier 
data set. We carry out OLS as well as estimation with instruments because of 
the simultaneity issue (see Table 4-5). The instrument used is the same as 
shown in equation (4). Most of the signs on the coefficients are in the ex- 
pected direction, except for the OLS specification for the US as a whole. 
Although the fit of the models is not particularly high, and there are some 
concerns with the specification used, they do provide some indicative evi- 
dence of the positive impact of foreign outsourcing on value addition. 
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Figure 4-4. US and California (CA) Total Manufacturing: Value- Addition Per Employee. 
Source: Authors’ calculations based on Annual Survey of Manufacturers and the Census of 
Manufacturers. 







Figure 4-5. US and California (CA) High-Tech Manufacturing: Value- Addition Per Em- 
ployee. Source: Authors’ calculations based on Annual Survey of Manufacturers and the Cen- 
sus of Manufacturers. 
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Tahie 4-5^ Regression Resutts, Value Addition Per Employee 



Dependent Variable is Value Addi- 
tion Per Employee 


Califomia 


US 


OLS 


IV 


OLS 


IV 


Constant 


0.21* 


OJl* 


0.08* 


0,06* 


Imported Inputs/Sales (s) 


035** 


0.41** 


0.25** 


0.13 


Capital/Sales Ratio (K/Y) 


0,05 


0.12 


-0.14** 


0,09** 


Adiusted 


0.12 


O.Il 


0.15 


0.08 


Note: * Significant at 5%; Significant at 10%; N = 


= 330 







4.7 CONCLUDING REMARKS 

Our results for the years 1987-1992 confirm that trade plays a role in ris- 
ing labor market inequality. Where California is concerned, we find that the 
forces of globalization, manifested in foreign outsourcing, particularly be- 
tween 1987 and 1992, account for 33% to 50% of the increase in relative 
inequality between blue- and white-collar workers, where relative inequality 
is expressed as the share of the former in total payroll. In the case of the rest 
of the US (RUS), foreign outsourcing contributes 20% to 50% of the in- 
crease in inequality. At the same time, industries experiencing sharper sales 
declines were more likely to restructure their production processes by substi- 
tuting manufactured imported intermediate inputs for domestic blue-collar 
labor. In California, a 20% sales decline during the period prompted a shift 
away from blue-collar labor that was four to seven and one-half times as in- 
tense for a given change in the share of materials that were imported, when 
compared with a 5% sales decline. In the rest of the US, 5% declines gener- 
ated no perceptible restructuring, while there was some evidence indicating a 
significant effect for a 20% decline. This cross-sectional result is broadly 
consistent with Feenstra and Hanson (1996), who observed that foreign out- 
sourcing was concentrated during the recession years of 1979 and 1981. 

Why hard times would promote restructuring, separately from the usual 
laying off of production workers that occurs during downturns, is less than 
entirely clear. Lumpy adjustment costs provide a partial yet not completely 
satisfactory explanation for this phenomenon. Accelerated retiring of the 
least productive units during downturns and dynamic entry-exit issues pro- 
vide another possible explanation. Furthermore, there is some evidence that 
poorly performing industries encounter greater shareholder pressure. The 
combined stance of employees who perceive downsizing as a recurring 
event — as opposed to a response to particularly hard times — and managers 
who internalize this perception on the part of employees may well set them- 
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selves up for a mutually reinforcing situation of mistrust. Restructuring of 
this nature, which has a propensity to occur in those industries undergoing 
exceptionally bad times, may be the managerial response to pre-empt bad 
labor relations. 

Although the share of blue-collar wages in total payroll increased in the 
period 1992-1997, our contention that the structural shift is a secular change 
rather than a cyclical one still holds. The blue-collar jobs in manufacturing 
that were “exported” abroad have gone for good. It is unlikely that the “same 
demand” (read “same jobs”) for blue-collar labor is back. This period wit- 
nessed extraordinary dynamism and innovation in domestic industry and in 
all probability it is the new plants, with new technology that are adding to 
the demand for production labor, and creating new kinds of blue-collar jobs. 
With finer detail in our data and greater comparability of the Economic Cen- 
sus of 1997 with 1992, it might have been possible to discern this pattern. 
The trend with imported inputs, on the other hand is much more straightfor- 
ward, with steady increases throughout the entire period 1987-1997 and be- 
yond. 

Value addition generally, as well as on a per employee basis, has seen a 
significant rise. Although a larger proportion of the benefits have accrued to 
firms, in the form of higher profits, at least some of the employees — 
particularly the non-production workers — have gained as well. A case can be 
made that foreign outsourcing operating through the medium of higher value 
addition plays some role in these increased benefits to the economy. 

Restructuring during a recessionary downturn through foreign outsourc- 
ing may be an even wider phenomenon than we initially surmised. Large 
segments of the business services sector, long thought to be among the most 
non-tradable part of the economy are now being outsourced to foreign coun- 
tries, although the services industry is much more institutionally and cultur- 
ally constrained than manufacturing. Business process outsourcing, in the 
form of call centers, accounts receivable/payable management, billing and 
forms processing, among other activities, is rapidly gaining pace in the cur- 
rent recessionary environment and we expect the phenomenon to accelerate 
in the coming years. 

In Chapter 5 we analyze a particular kind of foreign outsourcing - to wit, 
that which takes place across borders, but within a transnational firm; this 
kind of trade known as intra-firm trade is of great importance in international 
trade. In that chapter we attempt, perhaps for the first time with US data, a 
study of intra-firm trade in intermediate inputs. 



Chapter 5 

Intra-Firm Trade and Intermediate Inputs 

The New Stage of Globalization 



Chapter 4 dealt with issues relating to the impact that foreign outsourcing 
has on domestic industry. We saw that firms resorted to foreign outsourcing 
as an integral part of a restructuring strategy during a recessionary downturn, 
and that this activity leads to an increased inequality between blue- and 
white-collar workers, while increasing value-addition per employee. As de- 
scribed in both Chapters 3 and 4, foreign outsourcing can be carried out by 
US multinational firms through arm’s length suppliers based abroad, or 
through their own affiliates and subsidiaries. In addition, US affiliates of 
foreign multinationals can outsource to their headquarters abroad, or to sub- 
sidiaries and affiliates in third countries. Such intra-firm (within firm) trade 
in intermediate inputs is the object of study in this chapter. 



5.1 INTRA-FIRM TRADE AND INTERMEDIATE 
INPUTS 

In advanced industrialized economies, globalization has included key 
roles for both foreign outsourcing of intermediate inputs and intra-firm 
trade.^ While both subjects have been studied by economists, their interac- 
tion and possible intersection (viz. transnational intra-firm trade in interme- 



See Markusen (1995), Irwin (1996), and Feenstra (1998) for surveys of the basic patterns for 
international trade with particular attention to intra-firm trade and international outsourc- 
ing. 
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diate inputs) have received relatively little attention.^ Low-cost foreign out- 
sourcing has long attracted many firms, whether part of a multinational en- 
terprise or independently. Increasingly however, organizational considera- 
tions have motivated firms to use imported inputs from foreign affiliates, 
instead of inputs from arm’s length domestic manufacturers; this change 
amounts to vertical integration across borders. 

The computer industry is a particularly telling example of intermediate 
inputs and intra-firm trade. The complexity and sophistication of the end 
products of this sector allow specialized production activities and stages, and 
hence a large number of intermediate inputs. The geographical spread of the 
production base of most of the large multinational firms in this industry re- 
sults in a brisk international trade in intermediate products. 

The computer cluster case study in Chapter 3 confirmed the extent of for- 
eign outsourcing and intra-firm trade in the high-tech firms of California. 
Indeed, signal attributes of a manufactured high-tech product include the 
extensive nature of its value-chain, the number of intermediate products, and 
the global, fragmented, nature of the final output. Progress in transportation, 
communications, as well as in standardization has significantly increased the 
fragmented nature of production, not to mention organizational and tax im- 
peratives facing multinational firms. The high-tech value-chain is now a 
multilateral, multinational, production mosaic, spanning many countries and 
production locales, but often involving just one firm. 

In this chapter, we study intra-firm trade and imported intermediate in- 
puts, with special focus on the high-tech, computer, industry: 

1) What are the determinants of imported intermediate inputs across ship- 
ping, or exporting countries? 

2) What is the relationship between imported intermediate inputs and intra- 
firm imports? 

3) Are there differences in the structure of intra-firm trade along industry 
lines? 

Foreign affiliates of US multinational enterprises (MNEs) may provide 
either distribution or production facilities for their parent companies. In this 
chapter, we will focus on affiliates that function as production centers rather 
than distribution outlets for goods produced at the home location. Sales by 
these affiliates can be directed to a variety of customers: 



^ Recent studies of trade and sales by multinational firms and their affiliates include Brainard 
(1997), Zeile (1997), Markusen and Maskus (2001), and OECD (2002). Recent studies of 
international outsourcing include Hummels, Raporport, and Yi (1997), Campa and Gold- 
berg (1997), Feenstra and Hanson (1999), and Swenson (2000). 
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1) To the MNE parent; 

2) To other customers in the home country of the MNE; 

3) To worldwide customers, not in the home country of the MNE. 

Category (1) represents one form of intra-firm imports for the US. The 
other, parallel, form of intra-firm imports occurs when a foreign-based MNE 
ships goods to its US-based affiliate. Both forms of intra-firm trade are in- 
fluenced by industrial organization issues such as transactions costs, as well 
as specific international trade factors such as tariffs and long-distance trans- 
portation costs. Strategic incentives for intra-firm trade are also found in tax 
related issues, exchange rate hedging, and global marketing. 

Intra-firm trade can cover both final and intermediate goods. Here our fo- 
cus is intermediate goods. The use of imported intermediate inputs in manu- 
facturing depends on the industrial organization and international trade fac- 
tors just mentioned, as well as on supply chain management tools that con- 
trol demand, supply, and quality variability. In fact, global economic integra- 
tion has allowed MNEs to create fragmented production processes by locat- 
ing their intermediate production activities in various parts of the world. To- 
gether with such fragmented production comes an intensive trade in inter- 
mediate inputs for the production of the final manufactured good.^ 

Table 5-1 shows aggregate US data on intermediate-input imports and in- 
tra-firm imports, for 1992 and 1997. About three-eighths of all US goods 
imports are intermediate inputs (the remainder are final goods). About 43% 
of all US goods imports arrived through intra-firm channels in 1992, rising 
to 52% in 1997 (the remainder came through arms-length channels). 



Table 5~1. Imports into the United States by Trade Categories, As Percent of Total Imports 





1992 


1997 


Intermediate Inputs/Final Goods 


Percent intermediate inputs 


37% 


38% 


Percent final goods 


63% 


62% 


Intra-Firm/Arm’s Length 


Percent Intra-Firm 


43% 


52% 


a) Percent US MNEs 


17% 


30% 


b) Percent Foreign MNEs 


26% 


22% 


Percent Arm’s Length 


57% 


48% 


Addendum: Total Imports $ Billions 


505 


748 


Sources: Authors’ calculations, see Appendix. 







^ See Arndt and Kierzkowski (2001) for a collection of papers on fragmented production. 
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The empirical tests in this chapter focus on United States imports, due to 
the importance of US MNEs in international trade and because the US Bu- 
reau of Economic Analysis (BEA) has provided high-quality tabulations of 
several especially relevant data sets. Eirst, the BEA publishes detailed data 
on intra-firm trade in goods, involving both US and foreign MNEs and their 
respective affiliates. These data are based on extensive benchmark surveys 
taken every five years, as well as smaller annual surveys. The BEA also pub- 
lishes related data on US foreign direct investment abroad and foreign direct 
investment in the US. Einally, US imported intermediate inputs can be com- 
puted by combining three BEA data sets: 

1) An input-output data set, based on the 1992 and 1997 US Census of 
Manufactures, is applied to determine the total quantity of intermediate 
inputs by industry. 

2) Industry import data are then used to estimate imported intermediate 
inputs. 

3) Import data by industry and country of origin are then used to estimate 
imported intermediate inputs by country of origin. 

The Appendix to this Chapter discusses how we calculate imported inputs by 
industry and country of origin. 

Previous studies have applied only steps 1) and 2) of this methodology. 
Also, these studies primarily used industry data and focused on labor market 
impacts or exchange rate exposures'^. Our analysis, in contrast, focuses on a 
country cross-section, and applies the data to the interaction of imported in- 
puts and intra-firm trade. Although similar issues arise in both goods and 
services, in this chapter we confine ourselves to trade in goods alone. 

5.2 LITERATURE REVIEW 

The issue of intra-firm trade is inextricably linked to multinationals and 
foreign direct investment (EDI). A large part of the EDI literature deals with 
its country-wise determinants, such as size, relative endowments, and trade 
and investment costs (Carr, Markusen and Maskus, 2001), relative rates of 
return (Chemotsky, 1987), and, in the case of foreign investment in R&D 
activity, the size of the scientific base (Kuemmerle, 1999). There is also a 
literature that assesses the impact of EDI on the local, host economy in terms 



^ Work on this method was pioneered by Campa and Goldberg (1997), Feenstra and Hanson 
(1996), and Hummels, Raporport, and Yi, (1997). 
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of its impact on innovation (Glass and Saggi, 2002) and economic growth 
(Zhang, 2001, and Nair-Weichert and Weinhold, 2001). 

For our purposes, the literature that deals with transnational vertical inte- 
gration and intra-firm trade is of greater relevance. For example, Wilamoski 
and Tinkler (1999) show that there was a rise of intra-firm exports and im- 
ports between the US and Mexico as a result of US FDI in Mexico. Other 
studies of multinational firms have looked at the motivation behind invest- 
ment abroad and whether FDI complements or substitutes trade (Konan, 
2000, and Roy and Viaene, 1998). Konan’ s theoretical model, in particular, 
shows that intra-firm trade in intermediate goods implies that vertical in- 
vestment complements rather than substitutes for trade. 

Another branch of the intra-firm trade literature deals with its determi- 
nants. For example, Helpman (1984) develops a model that generates shares 
ofintra-firm trade as a function of relative nation size and variations in rela- 
tive factor endowments. A large literature also exists on transfer-pricing and 
taxation issues and their relationship with intra-firm trade (Taylor, 2002), 
while Madan (2000) shows how different levels of taxation in the host- 
country give rise to a different mix of intra-firm trade in final and intermedi- 
ate goods. 

Turning to outsourcing, Grossman and Helpman (2002) study the deter- 
minants of outsourcing locations in a global economy using a general equi- 
librium trade model. Costly searches and incomplete contracts are critical in 
this model. The relative thickness of markets for input suppliers, relative 
search costs, and the contracting environment impact the extent of global 
outsourcing. Countries with an active inputs market and reliable contracting 
environment would be a relatively dependable site for outsourcing. In an 
empirical study, Andersson and Fredriksson (2000) show that internal im- 
ports of intermediate goods by Swedish firms were dependent on their inter- 
national organization and concentration of production, market-size, and 
R&D expenditures. 

The large size of the literature reviewed in this section confirms the im- 
portance attached to the separate topics of intra-firm trade and imports of 
intermediate inputs. On the other hand, the combination and integration of 
these two key aspects of globalization appears not to have been studied. This 
intersection of intra-firm trade and imports of intermediate inputs is thus the 
focus of our empirical tests, to which we now turn. 

5.3 ANALYSIS 

To start, it is useful to clarify the relationship between imported interme- 
diate inputs and intra-firm imports. This relationship is illustrated in Figure 
5-1. The full 360-degree circle represents the total amount of goods imported 
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by the home country from any given foreign country in any given year. The 
right hemisphere (quadrants 1 and 2) show intra-firm imports, representing 
transactions between a MNE and its affiliate, either from a foreign affiliate 
to a home country MNE, or from a foreign MNE to its home country based 
affiliate. Intra-firm trade can occur in either intermediate inputs or final 
goods, represented by quadrants 1 and 2 of the circle respectively. The left 
hemisphere (quadrants 3 and 4) represents imports from arm’s length trading 
partners, meaning that these imports are not carried out within the same firm. 
Arm’s length trade can also occur in either intermediate inputs or final goods 
(in quadrants 4 and 3 respectively). 




Figure 5-1. Total Imports into Home Country, Classified as Intermediate Inputs or Final 
Goods and as Intra-Firm or Arm’s Length Trade. 

The quadrants in Figure 5-1 are of equal size only for graphical conven- 
ience. In fact, a primary goal of this study is to determine the average size of 
these quadrants, and to determine what factors cause the quadrant sizes to 
vary across countries. As already noted in Table 5-1 for 1997, however, we 
do have information concerning the size of the two sets of hemispheres in 
Figure 5-1: 

• 38% of all US imports were intermediate goods and 62% were final 
goods; 

• 52% of all US imports were intra-firm imports and 48% were arm’s 
length. 
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Also, about three-fifths of all intra-firm imports were carried out by US 
MNEs, the remainder being imports by the US affiliates of foreign multina- 
tionals. 

The size of the four individual quadrants cannot be derived from aggre- 
gate data that only separate intra-firm from arm’s length trade and interme- 
diate from final goods trade.^ In fact, we know of no standard data set that 
provides separate quadrant sizes. However, the same information that we 
have illustrated in Figure 5-1 and summarized in Table 5-1 for aggregate 
imports into the United States are also available on a disaggregated basis by 
country of origin (i.e. the exporting country). These data have the potential 
to provide substantially more information about the distribution of import 
flows across the four quadrants. 

As a simple example, assume the split between intra-firm and arm’s 
length trade is 50/50, and the split between intermediate input and final good 
trade is also 50/50. With no further information, we cannot know the size of 
each of the four quadrants of Figure 5-1. Now also assume that intermediate 
input and intra-firm imports always occur together, and that final goods and 
arm’s length imports also always occur together, although the two factors 
may vary across countries. This pattern is still consistent with an aggregate 
50-50 split between intra-firm and arm’s length trade and also between in- 
termediate inputs and final goods trade. But the disaggregated patterns pro- 
vide additional information. In particular, we now know that quadrants 2 and 
4 of Figure 5-1 must be empty, and that exactly 50% of the trade would ap- 
pear in each of quadrants 1 and 3. This example illustrates why data disag- 
gregated by country of origin may provide insights into the aggregate data, 
which are not available from the aggregate data directly. 

It is worthwhile to consider one more example in order to illustrate a 
slightly more general case. Here we assume that the country data allow us to 
determine that: 

1) 50% of aggregate imports are intermediate inputs and 50% are final 

goods. 

2) All intermediate inputs arrive through intra-firm trade. 

3) 50% of final goods arrive as intra-firm trade and 50% arrive as arm’s 

length trades. 



^Weneed three pieces of independent information, in addition to the total amount of im- 
ported goods (the size of the circle), to determine the size of each quadrant. Data that sepa- 
rate (1) intra-firm and arm’s length trade and (2) intermediate and final goods trade pro- 
vide only two pieces of independent information. 
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In terms of Figure 5-1, this would imply that quadrant 1 contains 50% of all 
trade, while quadrants 2 and 3 each have 25% of the total trade. Quadrant 4 
would contain no trade. 

These examples represent, of course, easy cases. In the real world, the 
best hope is to find that the cross-country correlations for the various import 
categories are sufficiently informative to allow us to decipher the true struc- 
tural features at a reasonable level of confidence. 

Table 5-2 shows total imports and input imports into the US from the ma- 
jor countries of origin in 1997. The table also provides input imports/total 
imports ratios and intra-firm imports/total imports ratios by country; for 
source of all data, see the Appendix. Much greater variation is apparent in 
the intra-firm import ratios. More than 70% of the US imports from coun- 
tries such as Japan are carried out through intra-firm trade, while at the other 
end of the spectrum, imports from Taiwan are primarily of an arm’s length 
nature. The table also reflects the diverse nature of the countries shipping 
intermediate inputs to the United States, covering developing and developed 
countries, and European and Asian countries alike: a true testimonial to 
globalization. 

Table 5-3 shows total imports and intermediate input imports for the four 
industries with the largest amount of total imports among all US 3 -digit 
NAICS industries in 1997. The table also shows the top three countries of 
origin for intermediate inputs for each industry. Computers and Electronics 
(NAICS 334) and Transportation Equipment (NAICS 336) are first and sec- 
ond with respect to both total imports and input imports. The input import 
ratio of 39% for NAICS 334 is somewhat lower than the other industries 
shown, since many computer and electronic products are fully assembled 
abroad and then imported as final goods. 

Table 5-4 lists the countries of destination of US foreign direct invest- 
ment in decreasing order of magnitude as of 1997. The preponderance of the 
“old industrial Europe” is striking, as is the mismatch with the major coun- 
tries sending imports to the US (see Table 5-2), and with the countries which 
export high-tech inputs to the US (see Tables 5-3 and 5-5). Further light will 
be thrown on the origin of imports and their connection to different kinds of 
firms in the empirical section. 

Table 5-5 shows the top ten countries of origin and the corresponding 
quantities for US high-tech imported inputs for NAICS 334, Computers and 
Electronic Products Manufacturing. Table 5-6 provides our estimates of total 
imported inputs and high-tech imported inputs, for both California and the 
rest of the US. This illustrates California’s large share of imported inputs. 
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Tabie 5-2. United States Imports by Trade Categories and Major Countries of Origin, t997. 





Total Imports 
$ Billions 


Input Imports/ 
Total Imports 
Ratio 


lntra*flnn Imports/ 
Total Imports 
Ratio 


Canada 


168 


0,40 


0,47 


Japan 


121 


0.42 


0.71 


Mexico 


86 


0.36 


0.35 


Germany 


43 


0.43 


0.60 


China 


63 


0.29 


O.IO 


UK 


33 


0.43 


0.47 


Taiwan 


33 


0.43 


0,08 


France 


2t 


0.46 


0.38 


Korea 


23 


0.36 


0.22 


Italy 


19 


0.40 


0,67 


US Total 


748 


0.38 


0.52 


Sources: Authors' calculations, see Appendix, 



Table 5-i. Imported Inputs into the United States, by Largest Importing Industries, 1997. 



NAICS 

Code 


Sector Name 


Total 
Imports 
$ Billions 


Input 
Imports 
S Billions 


Input Imports/ 
Total Imports 
Ratio 


Top 3 Countries 
of Origin 


334 


Computers & 
Electronics 


173 


68 


0.39 


Japan, Taiwan, 
Mexico 


336 


Transportation 

Equipment 


149 


72 


0.48 


Canada, Japan, 
Mexico 


333 


Machinery 
ex. Electrical 


65 


35 


0.54 


Japan, Canada, 
Germany 


325 


Chemicals 


51 


26 


0.51 


Canada, Japan, 
Germany 


Sources: Authors' calculations, see Appendix. 







Table 5-4. US Foreign Direct In vestment, by Selected Countries, $ Billions, 1997. 



Country 


Investment 


United Kingdom 


154 


Canada 


97 


Netherlands 


69 


Germany 


41 


France 


37 


Brazil 


36 


Japan 


34 


Switzerland 


31 


Australia 


28 


Mexico 


24 


Source: Bureau of Economic Analysis, US Department of Commerce 
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Table 5*5. US High-Tech imported Inputs By Top Countries ofQrifiin, $ BiUions, ^997. 



Country 


High-Tech Imported Inputs 


Japan 


15 


Taiwan 


S 


Mexico 


8 


Singapore 


6 


China 


5 


Korea 


4 


United Kingdom 


4 


German 


2 


Philippines 


2 


Source: Authors* calculations, see Appendix. 



Table 5-6. Imported Intermediate Inputs, California and Rest of United States, 1997, 

Caltfomia Rest of US 



High-Tech Input Imports 



($ Billions) 


17 


50 


Total input imports 






($ Billions) 


30 


295 


High-Tech as Percent of 






Total Input Imports 


56.7% 


16.9% 



Source; Authors' calculations, see Appendix. 



5.4 REGRESSION ESTIMATES 

We now turn to a series of regression tests on intra-firm and intermediate 
input imports into the United States using a cross section of countries of ori- 
gin. The dependent variable is the log of the dollar amount of intermediate 
inputs imported into the United States from each of the countries. The em- 
pirical descriptions of these and all other data are provided in the Appendix. 
We estimate multivariate cross-section regressions for the years 1992 and 
1997 separately to determine which factors are most highly correlated with 
the observed cross-country pattern. 

Our specification for the independent variables starts with a one-direction 
version of the gravity model, since we are looking at the imported intermedi- 
ate inputs from each trading partner to the US and not the bilateral trade 
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among them; see Feenstra, Markusen, and Rose (2001) for a recent survey.^ 
We then modify the standard model by including intra-firm and arm’s length 
goods imports by country as additional explanatory variables.^ We also sepa- 
rate intra-firm trade into imports from the foreign affiliates of US MNEs and 
imports from foreign MNEs to their US affiliates. In summary, the following 
are our primary independent variables, computed for each of the countries of 
origin (in the estimated equations, all variables except the Asian dummy are 
measured in logs):^ 









lEUSA US imports from the foreign affiliates of US-based MNEs. 

lEEOR US imports from foreign-based MNEs to their US-based 
affiliates. 

ARML US imports sent to arm’s length recipients 
(= Total US Imports - lEUSA - lEEOR). 

GDPPC Gross domestic product per capita of the country of origin. 

POP Population of the country of origin. 

DIST Great circle distance between largest city of foreign country 
and Kansas City, Mo. 

ASIAN Dummy variable: 1 for Asian countries of Asia-Pacific 
Economic Cooperation. 



The results in Table 5-7 are divided into three sections. Section A has the 
log of imported intermediate inputs as the dependent variable, and the re- 
gression is estimated on a cross-section of forty-eight countries for which 
data are available for 1992. Equation (1) is a standard gravity model, based 
on per capita GDP, population (as a measure of size), distance, and a dummy 
variable for the Asian countries. The adjusted is over 75%, indicating that 
an important share of the cross-country distribution of US intermediate in- 
puts can be explained on the basis of gravity variables alone. We also tested 
a variety of other gravity variables, but none were consistently significant. 
Our basic results would be unaffected by including any of these variables. 



^ The gravity model owes its name and origin to the phenomenon of gravity in physics. Bilat- 
eral trade (similar to the force of gravity) is assumed to be proportional to the product of 
GDPs of the trading countries (“mass” in the physics analogy) and is inversely propor- 
tional to the distance between them. As pointed out by Feenstra, Markusen and Rose 
(2001), the gravity model fits trade data very well and is consistent with many alternative 
theories of trade. In recent years its usage has been extended to assess the impact of trade 
and openness on national or regional growth and income (Frankel, Romer, and Cyrus, 
1996), and to discover natural trading blocs (Frankel, Stein, and Wei, 1996). 

^ We discuss the gravity model and our modifications in greater detail in Chapter 6. 

We also note that the following identity holds among the trade variables (also see Figure 1): 
Total Imports = Intermediate Input Imports -i- Final Good Imports = IFUSA -i- IFFOR -i- 
ARML. 
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Equation (2) in Table 5-7 adds three disaggregated import flows as po- 
tential determinants of imported intermediate inputs. Their coefficients 
measure the elasticity of imported inputs with respect to each of the US im- 
port categories. The results indicate that intra-firm trade was primarily re- 
lated to final good imports as of 1992. We also tested for a direct effect of 
US foreign direct investment in each country, but it did not provide an inde- 
pendent effect over and above the effect of the related intra-firm trade flows. 
We also estimated all the equations in Table 5-7 using instrumental vari- 
ables, but none of the results were changed in any substantive way.^ 

Part B of Table 5-7 repeats the estimation of Part A for 1997 data. The 
sample size is now only thirty-eight countries, since the 1992 data rely on a 
special tabulation carried out by the Bureau of Economic Analysis (see Zeile 
(1997)), and a comparable tabulation is not yet available for the 1997 data. 
Equation (3) provides estimates based on the gravity specification alone, 
with results similar to those obtained for the 1992 data. Equation (4) adds the 
same three import variables used in equation (2). The coefficient estimates 
for 1997 for these variables indicate a significant increase in the importance 
of intra-firm trade, related to both US and foreign MNEs, and a correspond- 
ing reduction in the importance of arm’s length trade, as a determinant of 
imported intermediate inputs. This is an important result, since it confirms 
the view that MNEs are increasingly using foreign outsourcing as they de- 
centralize their production processes. 

Part C of Table 5-7 repeats Parts A and B (with 1997 data), but the de- 
pendent variable is now the log of imports of only high-tech intermediate 
inputs, defined here as NAICS code 334.^^ Equation (5) begins with the 
gravity model variables, with two notable differences from the results in 
equations (1) and (3). Eirst, the distance variable is now much less important. 
This is understandable since high-tech imports are commonly referred to as 
“weightless” in terms of their value-to-weight ratio implying that they are 
much less sensitive to transportation costs. Second, the Asian country 
dummy is much more important than it is in the earlier equations. This too 
makes sense, since there is other evidence that the Asian countries are of 
increasing importance as sources of intermediate inputs for US high-tech 
industries. 



The two instruments were: (1) an index of competitiveness that took into account the in- 
vestment climate, and availability of skilled labor among other measures, and (2) the share 
of high-tech exports in total exports. 

It is useful at this point to note again that our import data correspond only to goods imports. 
Specifically, NAICS 334 is defined as Computers and Electronic Product Manufacturing, 
and includes semiconductors, scientific instruments and telecommunications equipment. 
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Table 5-7. Regression Results 

Eq Cons- Adj 

U tant IFUSA IFFOR ARML GDPPC FOP DIST ASIAN 
Part A: Imported Intermediate Inputs is Dependent Variable— 1992 Data 



1) -5,31* 

(2.15) 








.92* 

(11.94) 


.77* 

(8.99) 


•1.00* 

(3.97) 


1.90* 

(7.27) 


0.78 


2) -5.31* 

(2.56) 


.01 

(.12) 


.06 

(.74) 


.80* 

(5.34) 


.49* 

(2.72) 


.18 

(1.65) 


-.19 

(.77) 


.47 

(1.18) 


0.89 


Part B: Imported Intermediate Inputs Is Dependent Variable* 


-1997 Data 




3) -7.%* 

(2.51) 








.93* 

(9J5) 


.87* 

(8J8) 


-.89* 

(3.8) 


1.65* 

(4.88) 


0.76 


4) -2,93* 

(1.98) 


.17* 

(2.9S) 


.24* 

(4.53) 


.36* 

(6.17) 


.24* 

(2.97) 


.22* 

(2.89) 


-.13 

(.90) 


.46* 

(2.63) 


0.95 


Part C: High*Tech (NAICS 334) Imported Intermediate Inputs is Dependent Variable* 
-1997 Data 


5) -27.9+ 

(3.36) 








1.54* 

(5.96) 


1.34* 

(5.46) 


-0.55 

(.98) 


3.39* 

(4.15) 


OM 


6) -23.2* 
(2.33) 


.77* 

(2,50) 


.38 

(1.11) 


.06 

(.26) 


.50 

(1.12) 


.39 

(.93) 


.92 

(1.74) 


1.54 

(1.87) 


0.73 



Notes: 

Ordinary Least Squares with White heteroskedasticity adjustment. 

Absolute values of L statistics shown in parentheses; * significant at 5% level 
All regressions are estimated on a cross-section of countries^ 48 countries in 1992, 
38 countries in 1997. 

All data are in logs except for the Asian dummy. 

See Appendix for detailed description of data series. 



Equation (6) of Table 5-7 adds the imports variables to the basic gravity 
model for high-tech imported inputs. Compared with equations (2) and (4), 
equation (6) indicates that US imports of high-tech intermediate inputs de- 
pend primarily on intra-firm trade (not arm’s length transactions), and espe- 
cially on imports by US MNEs. Indeed, imports by US MNEs are now the 
predominant source of imported high-tech intermediate inputs into the US. 
This result provides empirical verification of the view that foreign outsourc- 
ing has become especially important for US MNEs in high-tech industries. 
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5.5 CONCLUSIONS 

High and growing levels of intra-firm trade and intermediate input trade 
play key roles in the new era of globalization. Although they have been in- 
tensively studied individually, little attention has been paid to their interac- 
tion, i.e. intra-firm trade in intermediate inputs. A major problem has been 
the lack of data that measure the amount of intra-firm trade that involves 
intermediate inputs, or vice versa. This chapter offers two primary innova- 
tions. First, we have developed a data set of imported intermediate inputs by 
both industry and country of origin. Second, we have used estimates from a 
regression model to determine the importance of intra-firm imports as a de- 
terminant of trade in intermediate inputs. 

Our key results, from Table 5-7, are: 

1) Intra-firm imports were a relatively unimportant source of intermediate 
imports as of 1992. Most US intermediate goods imports at that time 
were the result of arm’s length trades. 

2) By 1997, intra-firm trade, by both US and foreign MNEs had become 
very important as a source of imported intermediate inputs. However, 
arm’s length trade also remained a significant determinant of US inter- 
mediate input imports. 

3) Standard gravity model variables were found to be important determi- 
nants of US imports of intermediate inputs, in addition to the key role of 
intra-firm trade variables. 

4) Estimates were also derived for high-tech intermediate input imports, 
defined as NAICS code 334, which represents computers and electronic 
products. These additional results were: 

a) Transportation costs, measured by distance, were not a major hin- 
drance to high-tech intermediate imports, consistent with the high- 
value, low- weight, character of these goods. 

b) Intra-firm trade (not arm’s length transactions), especially imports 
by US MNEs, is a key determinant of high-tech intermediate input 
imports, consistent with the view that foreign outsourcing has be- 
come especially important for US MNEs in high-tech industries. In 
particular, US MNEs were responsible for more than two-thirds of 
all imports of high-tech intermediate inputs into the US. 

Point (4) has special significance for a state such as California with an inten- 
sive high-tech economy. Not only is foreign outsourcing important for the 
state’s high-tech firms, but these firms are likely to be central to the import- 
ing of high-tech products into the United States. 



5.6 



Intra-Firm Trade and Intermediate Inputs 

APPENDIX: DATA DESCRIPTION 



129 



5.6.1 Computation of Imported Inputs for the United States, by 
Country of Origin 

To calculate imported intermediate inputs by sector and by country of 
origin, we applied the following formulas to each 6-digit input sector in US 
manufacturing (all amounts in $ Billions): 

(1) II- = 

where 

li = amount of sector i goods used as inputs in all of US manufacturing 
(from US Census of Manufacturing Input/Output data for 1992 and 
1997 respectively). 

Ill = imported inputs of sector i goods; 

Mj = total imports of sector i goods; 

Pi= US production of sector i goods; 

Xj = US exports of sector i goods. 

The basic assumption here is that, for any input sector, the percentage that 
imports of intermediate input represent of total intermediate inputs is the 
same as the percentage that imports represent of all net sources of that com- 
modity (= P| -** X| + Mj). 

(2) 74= A/,,//,. 



where 

Iljc = Imported intermediate inputs of sector i from country c. 

Mjc = Sector i imports from country c as a proportion of US total sector i 
imports. 

The basic assumption here is that country c’s share of imported intermediate 
imports of sector i goods equals that country’s share of all imports of sector i 
goods. 
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5.6.2 Computation of Imported Intermediate Inputs for California 
Manufacturing 

Imported intermediate inputs for California are computed from the US in- 
termediate input numbers, using the following equations: 

SIca = ICa/ luS 

where, 

SIca = Share of US inputs used in California manufacturing; 

Ica^^ Inputs used in California manufacturing; 

Il/s ” Inputs used in US Manufacturing. 

CAII = SIca*II 

where, 

CAII = Imported inputs used in California Manufacturing, 

II = Imported inputs used in all of US manufacturing from equation (1) in 
Appendix, summed across all sectors. 

5.6.3 Data Sources 

Trade data by countries and industries 

All import data by countries and industries are from US International Trade 
Commission’s Trade Data Web web site: http://dataweb.usitc.gov. 

Intra-Firm Trade Imports by Country of Origin 
Data for 1992 are from Zeile (1997); 

Data for 1997 are from Mataloni (1999) for US MNEs and from Zeile 
(1999). 

Gravity Model Variables 

The distance data have been calculated using Encarta, Gross Domestic Prod- 
uct (GDP), Gross Domestic Product per Capita (GDPPC) and Population 
(POP) are from the World Bank database: 
http://devdata.worldbank.org/data-query. 



Chapter 6 

International Networks and High-Tech Exports 



Although the geography of international trade and its spatial distribution 
have traditionally been analyzed at the level of the nation-state, for a large 
country, such as the US, this aggregate level of analysis may sometimes ob- 
scure some underlying regional economic features and attributes. The latter 
have acquired increasing significance, since growing global economic inte- 
gration has given an added impetus to forces of agglomeration and speciali- 
zation within nations. For example, export data available for constituent 
states of the US, allows us to study variations in trading patterns among dif- 
ferent states and regions of the union, as well as the differences in their eco- 
nomic determinants. The study of international trade of sub-national regions 
offers us the possibility of gaining insights into the building blocks of macro 
trading affinities of nations of which they are a part. The trading affinities of 
regional economies would also be helpful in assessing their vulnerability to 
foreign shocks and in determining changes in competitiveness relative to the 
national and other sub-national economies. 

Our objective in this chapter is to study the determinants of high-tech and 
general goods exports from two regional economies comprising the national 
economy of the United States - the economy of the state of California (CA) 
and the economy of the rest of the US (RUS), and the differences between 
them. Part of the motivation for the present book and this chapter arose out 
of the increasing emphasis placed by regional and state authorities on stimu- 
lating exports (see Chapter 7 in this book). The number of International 
Trade and Investment offices of the state of California, for example, as well 
as of similar export promotion offices of various other states of the union 
had been increasing regularly until recently. States frequently schedule trade 
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missions led by senior officials. Indeed, there has been a trickle-down effect 
of this policy initiative on the part of state officials, with city mayors now 
scouting for world markets for their metropolitan exports. The primary fac- 
tor behind this emergent enthusiasm for trade has been the realization, par- 
ticularly in the more open coastal states, that exports are increasingly a very 
sizable part of the gross regional product. 

This chapter has also been motivated by the size of the economy of Cali- 
fornia, its openness to trade, the large presence of a globalized high-tech sec- 
tor, as well as its location on the western seaboard and its linkages with the 
global economy. For comparative purposes we also analyze in a similar 
manner, the export patterns of the rest of the US (RUS). Studying the differ- 
ences between these two regions in their trading affinities and trading pat- 
terns can contribute to an understanding of the dynamic between national 
and sub-national economies in the age of increasing globalization. 

In this chapter we study both the exports and other global linkages of 
these large regional economies. The coastal states, California in particular, 
are more open not just to trade and investment flows, but also to the impact 
of international social (immigrant) and business networks. A significant pro- 
portion of the flow of immigrants arrives in the coastal states of the US; but 
more importantly, a sizable number of them choose to settle down there. The 
ease of international travel and the entrepot nature of the coastal ports also 
leads to a high concentration of transnational business linkages based along 
the coasts, in the form of foreign direct investment, as well as various other 
forms of business-to-business contacts. We aim to connect all these disparate 
strands into a story of global linkages and their impact on trade in California 
and the rest of the US. 

Our methodological tool is the gravity model, a widely used method of 
studying international and interregional trade relationships, first introduced 
in Chapter 5. Instead of applying a traditional gravity model to the US as a 
whole, we apply a one-sided version of the model to total goods exports of 
California, as well as its computer-related exports, and to those of the rest of 
the United States. We also modify the traditional gravity model to check for 
the influence of other quasi-economic trading stimuli such as transnational 
social ties and networks and international business networks in determining 
the direction and volume of exports. 

By transnational social ties and networks we mean the contacts that bind 
foreign-born immigrants to their countries of birth; international business 
networks are understood as intra-firm commercial transactions connecting 
affiliates, subsidiaries, offices and headquarters across national borders. The 
exact formulations are explained later. In the context of a gravity model, the 
choice of sub-national regions instead of the nation as an object of study 
helps us arrive at a more accurate measure of distance with the regions’ trad- 
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ing partners. It also allows us to test for differential trading affinities of two 
constituent regions of a large nation, whose geographical centers are far re- 
moved from each other, and which are geographically closer to different 
parts of the world: the Asia-Pacific region in the case of California (CA), 
and Europe/South America in the case of the rest of the US (RUS). 

The questions we address in this chapter are: 

1) What are the country- wise determinants of high-tech goods exports from 
CA and RUS, where high-tech is defined as computers, peripherals and 
electronic products? 

2) How do business and socio-cultural networks influence the level of 
exports from CA and RUS to different countries? 

3) Does either region have an “affinity” to trade with particular parts of the 
world? 

The study of trading patterns of sub-national regions, while accounting for 
the ties and networks that bind local and regional economies to the larger 
global economy, provides an integrated view of the regional economy as a 
part and parcel of the global economy. 

6.1 LITERATURE REVIEW, GRAVITY MODEL, 
AND NETWORKS 

Rapid advances in information and communications technologies and in- 
tensifying global economic integration are rendering the nation-state some- 
what less meaningful as an economic unit. Paul Krugman (1991), among 
other economists, has been advocating an integrated look at regional eco- 
nomics, macroeconomics, and international economics, under the aegis of 
economic geography. 

The economic strands connecting regional economies to the global econ- 
omy have usually been looked at through the prism of regional competitive- 
ness, development of local industry, and impact on local labor markets. 
Shift-share techniques have been usefully employed to assess trade related 
job changes at the regional level, as well as for evaluating regional advan- 
tage (Naponen, Graham, and Markusen, 1993, Sihag and McDonough, 
1989). However, the actual global geographic distribution of exports of re- 
gional economies has not been widely studied. 

6.1.1 Immigrant Ties 

Although the impact of foreign-born immigrants on issues relating to 
wages, employment, welfare and business formation has been widely studied 
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(Simon, 1992), their role in international trade is only now receiving long- 
overdue attention. Social scientists have thrown considerable light on the 
creation and maintenance of, and role played by transnational social net- 
works formed due to ties with the country of origin of foreign-born immi- 
grants in the US. Indeed, the determinants of immigrant concentration and 
the micro- structure of migration networks have been studied extensively 
(Castles and Miller, 1993; Massey and Espana, 1987; Belanger and Rogers, 
1992; and Bartel 1989). Several studies have also analysed the role played 
by these networks in sustaining business and economic ties with the country 
of origin (Borjas, 1994; Matthei, 1996; Ho, 1993; and Saxenian, 1999). 

The relationship between immigrant populations and trade is an emerging 
area of research in economic and sociological literature. A number of studies 
have shown that the size of the foreign bom populations contribute signifi- 
cantly to trade between the country of origin and the adopted country 
(Gould, 1994; Bardhan and Howe, 1998; Head and Ries, 1998). Rauch 
(2001) reviews this body of literature and suggests that there exists evidence 
pointing to the role played by transnational business and social networks in 
promoting international trade due to mitigation of contract enforcement 
problems and enhancing information flows. The increasing share of differen- 
tiated products in international trade further tended to bolster the role of 
these networks. Gould’s 1994 study of US trade with forty-seven partner 
countries showed that immigrants facilitated in expanding trade to their 
countries of origin with exports being more strongly influenced than im- 
ports. A similar study of Canadian trade with partner countries reaffirmed 
the positive influence of immigrants on trade (Head and Reis, 1998). 

Dunlevy and Hutchinson (1999) looked at the historical impact of immi- 
grants on American imports for the period between 1870 and 1910. This 
study, which examines the contribution of migrant stock to imports from 
their countries of origin, disaggregated both by exporting regions and by 
commodity type, corroborates the trade enhancing effects of immigrants in 
the more recent cases reported earlier. The results show considerable varia- 
tion in the influence of migrants by their region of origin on US imports, and 
note that the impact is significant only for finished and differentiated goods 
such as manufactures and foodstuff. 

The evidence provided in this literature suggests that there exists a posi- 
tive relationship between migrant flows and trade flows. However, more 
disaggregated analyses have shown that this relationship is conditioned by a 
number of contextual factors. Given that studies have only been available for 
two countries (US and Canada) and that most of these studies were con- 
ducted at the national level, generalization of these results is limited. Ques- 
tions remain regarding the robustness of these results. It is possible, for ex- 
ample, that some key geographical region of the US accounted for the re- 
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suits, or that the variation could have been explained by the type of immi- 
grants and by the type of commodities traded/ 

6.1.2 Business to Business Ties 

A different branch of international trade literature focuses on another set 
of networks that may impact trade flows. These are business networks estab- 
lished as a result of transnational investment and business-to-business con- 
tacts. As mentioned in Chapter 5, studies of multinational firms have looked 
at the motivation behind investment abroad and whether foreign direct in- 
vestment (FDI) complements or substitutes trade between the country of ori- 
gin of investment and the host country (Konan, 2000; Roy and Viaene, 
1998). Wilamoski and Tinkler (1999) show that there is a rise of intra-firm 
exports and imports between US and Mexico as a result of US FDI in Mex- 
ico. Similarly, other studies have found that intra-firm trade in intermediates 
implies that vertical investment complements rather than substitutes for trade 
(Konan, 2000). Clausing (2000) finds evidence that supports the conclusion 
that multinational activity and trade are complementary activities. 

However, most of the empirical literature on this topic looks at the issue 
of complementarity or substitutability between local sales in a foreign coun- 
try of foreign affiliates of US multinationals, and exports from the US to that 
foreign country. The idea in those papers is to examine whether those local 
sales by multinational affiliates displace the exports that were previously 
being shipped from the home country. The literature largely does not exam- 
ine a related issue — whether exports by multinationals from the home coun- 
try augment the overall total exports from the home country, i.e. whether 
there is a positive spillover effect of intra-firm trade on arm’s length trade. 

Studies of intra-firm activities have also focused on transfer pricing is- 
sues and on the connection between foreign direct investment and trade. The 
magnitude of intra-firm trade by country has become increasingly evident 
with the publication of survey articles and data by the US Department of 
Commerce in 1997 (Zeile, 1997). The large proportion of intra-firm trade 
signifies a strengthening and deepening of cross-country business ties. Inclu- 
sion of a variable as a proxy for these networks in a gravity model can help 
us ferret out the spillover effects that within-firm trade can have on arms- 
length transactions, and hence on total trade. We test for complementarity 
between intra-firm trade and exports for both California and RUS. Since we 
use the intra-firm export ratio as a variable, the complementarity in question 
is actually between the proportion of intra-firm exports in total exports from 
the two sub-regions of the US, on the one hand, and the total exports of these 



^ See Rauch (1999). 
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two regions, on the other, i.e. we specifically test for a spillover effect from 
intra-firm exports to arm’s length, and hence overall exports. 

6.2 THEORETICAL CONSIDERATIONS 

International economists have derived the gravity equation, which pre- 
dicts that bilateral trade between two countries would be proportional to the 
product of their respective outputs and declining in distance between them, 
from basic principles of international economics. In one of the better-known 
papers in the field, Deardorff (1995) shows how the basic Heckscher-Ohlin 
model of international trade can lead to a gravity specification for bilateral 
trade. When countries produce distinct goods with complete specialization or 
for a whole range of other assumptions and preferences, trade takes place 
according to the standard gravity model and declines with distance, and the 
departures therefrom are due to relative transportation costs. Harrigan (2001) 
reviews the theoretical and empirical literature on gravity models, and simi- 
larly stresses the role played by relative as well as absolute transportation 
and other trade and transactions costs. In the empirical literature, the exten- 
sions to the standard version of the model have generally come in the form 
of variables that would impact trade, transportation and transactions costs. 
Regional dummy variables have been used to capture both the relative trans- 
portation costs of trading with a particular world region, as well as to high- 
light trading affinities. The rationale for using foreign-born immigrants in 
the gravity model is precisely because their presence alleviates the costs of 
doing business between their country of origin and the host country. 

Immigrants impact trade both because of their kinship ties and their im- 
plicit knowledge about the customs, language, and social norms of their 
country of origin. Immigrants can substantially reduce the hidden costs of 
foreign trade by identifying potential customers and business partners and by 
deftly navigating the plethora of local customs, laws and business practices 
in their previous home country. In fact, the social and economic conditions, 
which give rise to issues of trust at the national level, are more pronounced 
in the sphere of international trade. If agents cannot indulge in complete con- 
tracting even in the domestic market with far better information, the legal 
machinery and reputational threats at their disposal, one can conjecture that 
international markets are fraught with serious risk in terms of incomplete 
contracts, economic volatility and high transactions costs. In other words, 
“economizing on transactions costs”, a concept that lies at the core of the 
theories of Williamson (1998), seems to be one appropriate theoretical 
framework for understanding the relationship between immigrants and trade. 
Also related to these issues is the proposition that immigrant populations 
capitalize on the ethnic capital embodied in their communities (Borjas, 
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1995), and one of the manifestations of this “capitalization” is expressed in 
ties and trade flows with country of origin. Insofar as trade is information 
dependent, in the sense of knowledge about foreign markets, regulations, 
and contacts, then the pool of immigrants in the US constitutes a large in- 
formation bank that can be drawn upon to tap foreign markets. 

In our case, we bring two different strands of literature together, by in- 
cluding a variable that captures transnational business ties as well. In so far 
as business-to-business ties enhance business information flows across coun- 
tries and reduce transactions costs, one would expect them to impact the 
prices faced by the importers, and consequently the amount of trade between 
any bilateral set of countries. Unlike the literature cited earlier, the approach 
here is somewhat different. In this paper, a variable that proxies for transna- 
tional business-to-business ties is used to test if these ties have a positive and 
significant impact on overall exports from the two regions. The variable used 
is the proportion of exports to different countries that is carried out by multi- 
nationals, or the ratio of intra-firm exports to total exports. 

We bring together these two independent strands of literature on the im- 
pact of immigrants and business networks on trade flows in the context of 
exports of sub-national regions of the US. Because of the variation in the 
type and composition of foreign-born immigrants settled in the two regions, 
as well as the differences in the industrial paths taken by the geographically 
and historically distinct sub-national economies, it is possible to simultane- 
ously account for both of these effects and assess the differential impact 
these kinds of global linkages have on their international trade flows. 

We estimate the following equation for California and RUS exports: 

Log (ExportSi) = constant + aLog (GDPj) + PLog (GDP per Capital) + 
yLog(Distancei) +T)(Opennessi) + XLog (Foreign Bomj) + 0(lntrafirm Ex- 
port Ratioj) + RegionDummyi 

Our version of the gravity model is built on exports alone, since import 
data are not available for sub-national regions of the US, and is a modified 
version of the standard model since we are not looking at bilateral, paired 
trade. Pooled OLS regressions with fixed effects were carried out for the 
cross-sectional panel of importing countries. Pooled, time- dummy fixed ef- 
fects specification was chosen to neutralize year specific effects for the three 
years of data 1998-2000. The dependent variable is the log of goods exports. 

Some further clarifications are in order. Four of the independent vari- 
ables are in log form, which helps in interpreting the estimated coefficients 
as elasticities. Since the intra-firm export variable is already expressed in 
percentage terms, we follow general convention in many log-linear models 
and retain it in its untransformed state. In order to isolate the effect of net- 
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works, we need control variables apart from those already included, namely 
GDP and distance. Frankel, Stein and Wei (1995) have noted that as coun- 
tries “....become more developed they tend to specialize more and to trade 
more...”. We control for this level of development by including a GDP per 
capita variable, along with a measure of the trade openness of the countries 
in our dataset. 

In addition, like in many trade-related papers using the gravity model, we 
include regional dummies. The latter are in binary form and take the value 
one, in the case of the Asia-Pacific region dummy, whenever the country in 
question belongs to one of the following: Japan, China, Hong Kong, Korea, 
Taiwan, Singapore, Malaysia, Indonesia, Philippines, Thailand, Vietnam, 
Australia or New Zealand, and zero otherwise. Although the Asia-Pacific 
trade block does not formally exist as yet, papers by Frankel, Stein and Wei 
(1995) and others have pointed out that, by nature of its intra-regional trade 
and ties, it does so in a de facto sense. In a similar sense, the European union 
formalized the already existing intra-regional ties and gave them a further 
boost. The Europe dummy takes the value one when the country belongs to 
the European Union, and zero otherwise. These dummies are of course dif- 
ferent from the time dummies for 1998, 1999 and 2000 used in a fixed ef- 
fects sense, where only the constant in the regression, or the intercept, is af- 
fected. 

6.3 THE DATA 

6.3.1 Exports 

Exports for California have been calculated from state-level export data 
available from the International Trade Administration of the US Department 
of Commerce, which has an arrangement with the Massachusetts Institute 
for Social and Economic Research (MISER). MISER has been producing the 
state export database since 1987, under an agreement with the US Census 
Bureau’s Foreign Trade Division.^ Export data for California and RUS, for 
the years 1998-2000, are compiled both by country of destination as well as 
by goods category. The total number of countries in our sample is fifty-eight, 
accounting for more than 95% of total exports worldwide by these regions. 
Since no import data are available for states, only export equations are esti- 



Known as the Origin of Movement series, it is arrived at with a procedure involving ship- 
pers’ export declaration documents at Customs points and ports of exit. They also use an 
imputational algorithm to allocate missing data to states. See http://www.ita.doc.gov/ 
td/industry/otea/state/ . 
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mated. Table 6-1 lists the top export markets for California, for all goods as 
well as for high-tech goods exports. 



Table 6-L California Top Export Markets. 





California Total Goods Exports ($ Thousands) 






199S 


1999 


2000 


Canada 


12,644,137 


13,245,900 


15,161,966 


Mexico 


10,798,216 


12,230,871 


14,404,472 


Taiwan 


5,577,928 


6,528,739 


9,360,348 


South Korea 


4,005,102 


5,890,721 


9,237,690 


United Kingdom 


5,361,838 


5,195,492 


6,473,729 


Germany 


4,369,206 


4,232,625 


6,316,147 


Netherlands 


3,569,470 


4,165,084 


5.557,306 


Singapore 


4,368,098 


4,515,644 


5,302,287 


Malaysia 


2,590,602 


2,509,917 


3,854,018 




California Computer and Electronic Exports ($ Thousands) 




1998 


1999 


2000 


Canada 


5,870.075 


6,374.340 


7,589,547 


Japan 


5.214.843 


5.059,666 


6,805,181 


Mexico 


4,110,934 


4,882,780 


5,880,278 


South Korea 


2,031,030 


3,394,677 


5,262,588 


Taiwan 


2,493,677 


2,820,113 


4,135,843 


Netheriands 


2,210,392 


2,818,231 


4,040,513 


United Kingdom 


2,791,790 


2,725,910 


3,615,013 


Germany 


2,018,934 


1,925,691 


3,414,018 


Malaysia 


1,927,477 


1,948,874 


3,072,590 


Singapore 


3,084,648 


2,855,903 


3,061,744 


Source: International Trade Administration, US Dept, of Commerce; Massachusetts Institute 


for Social and Economic Research. See http://ese.export.gov/ITA2002/Intro_NEW.htm . 



6.3.2 Social Networks 

The rationale for including immigrants as an explanatory variable for 
trade equations in a standard gravity model arises primarily from lowered 
transactions costs due to ties and contacts in the home country. Insofar as 
trade is information dependent, in the sense of knowledge about foreign 
markets, regulations, and contacts, then the pool of immigrants in the US 
constitutes a large information bank that can be drawn upon to tap foreign 
markets. Since the contacts and information networks of immigrants in their 
home country would presumably wither away after a few generations, we 
incorporate only zero-generation or foreign-born immigrants with a “fresh 
memory”. We use data from Table 144 of the “Social and Economic 
Characteristics” series of the 1990 US Census that publishes number of 
foreign-born residents, i.e. the stock of foreign-bom immigrants in the US by 
each state of the Union and by country of birth. In the case of a number of 
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newly independent countries, such as the successor states to Yugoslavia and 
the Soviet Union, we have allocated the numbers from the parent state to the 
successor states in proportion to the population. (See Table 6-2 for major 
countries of origin of foreign born residents in CA and RUS). 



Table 6-2. Foreign Bom US Residents, m California and Rest of US. 



Foreign-Bom Residents in Rest of US 


Foreign*Bom Residents in California 






%of 






% of 


Country 


Number 


Total* 


Country 


Number 


Total* 


Mexico 


1,823,866 


13.41% 


Mexico 


2,474,148 


41.24% 


Germany 


607,504 


4.47% 


Philippines 


481,837 


8.03% 


Canada 


594,443 


4,37% 


China 


211,263 


3.52% 


Italy 


532,295 


3.91% 


South Korea 


200,194 


3.34% 


Phiitppmes 


430,837 


3.17% 


Canada 


150,387 


2.51% 


United Kingdom 


369,363 


2.72% 


Guatemala 


135,675 


2.26% 


South Korea 


368,203 


2.71% 


United Kingdom 


135,391 


1.74% 


India 


366,617 


2.70% 


Germany 


104,425 


1.74% 


Dominican-Rep. 


344,323 


2.53% 


Japan 


97,554 


1,63% 


Jamaica 


322,936 


2.37% 


India 


83,789 


1,40% 


Source: US Bureau of Census. * 


Column 3: Percent of total foreign -bom residents in Rest of 


US; Column 6: Percent of total foreign-bom residents in California. 







6.3.3 Transnational Business Networks 

As a proxy for the extent of business ties connecting the two sub-regions 
with our sample of countries, we use intra-firm export ratios calculated by 
the Bureau of Economic Analysis of the Department of Commerce in the 
February 1997 edition of the Survey of Current Business. The intra-firm ex- 
port ratios by country is the proportion of US exports to that country trans- 
acted by US parent firms to their affiliates in that country and by US based 
foreign affiliates to their parent firms outside the US. The ratios range 
widely by country, from highs of 74% for Switzerland and 70% for Japan, to 
less than 3% for Greece, Turkey and Poland. 



6.3.4 Distance 

We use the traditional great circle distance between the west-central re- 
gion of California for the state of California, and Kansas City, Missouri for 
RUS, and usually the largest city of the other country. In countries that cover 
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large geographic areas, such as Russia, India, Australia, and China, the geo- 
graphic spread of economic activity was taken into account. 

6.3.5 GDP, GDP per capita, Openness 

Data on the GDP and GDP per capita were obtained from the online da- 
tabase of the World Bank (see http://devdata.worldbank.org/data-query). Our 
measure of openness to trade is from the Penn World Tables, accessed 
through the National Bureau of Economic Research (see www.nber.org). 



6.4 RESULTS 

Table 6-3 shows the results of regressions where the dependent variables 
are high-tech exports from California (CA) and the rest of the US (RUS). 
The first model includes the basic gravity variables. The intriguing result 
here is that for CA, the transportation cost proxy — distance — is not signifi- 
cant when it comes to the exports of high-tech goods. Indeed, the coefficient 
on distance is insignificant in all specifications for these “lightweight” ex- 
ports ofCA. 

In the augmented model, foreign-born residents have a positive effect in 
both regions: a 1% increase in foreign born immigrants leads to an increase 
of about 0.35% in exports of both regions. Our initial hypothesis and ration- 
ale for including the foreign born variable in the regression held that foreign 
bom immigrants embody knowledge of foreign markets and that California 
and the US would likely gain from this extra “competitive” edge in penetrat- 
ing those markets. This result suggests that having a foreign born population 
resident in the state does lead to gains in the sense of increased exports. The 
coefficient loses its significance in the California model however, once the 
regional dummies are included. This does not mean that the immigrant net- 
works do not matter in this specification. Since most of the foreign-bom in 
California are from the Asia-Pacific region, the latter dummy tends to cap- 
ture the positive effect and nullifies the significance of the coefficient on the 
foreign-born variable. In any case, it is clear that the high-tech exports of 
both regions have an affinity for the Asia-Pacific region, as well as NAFTA. 



We used Microsoft’s Encarta software for calculating the distances. The goal is to measure 
distances from the California of US geographic center of economic activity to the 
corresponding center in the other country. 



142 



Globalization and a High-Tech Economy 



Table 6-3, Regression Results: Log of Computer and Electronic Product Exports is Dependent 
Variable 





California 


Rest of US 


Log GDP 


0.94^ 


0.71* 


0.81* 


0,71* 


0.58* 


0.65* 




(17.42) 


(10.28) 


(12.26) 


(13.02) 


(9.77) 


(11.35) 


Log GDP 


0.09* 


0J2* 


0.07* 


0.05 


0.06* 


0.04 


per Capita 


(2.63) 


(3.69) 


(2.72) 


(1.77) 


(2.00) 


(L6S) 


Log of 


-0.24 


0.40 


0.22 


-0.35* 


-0,05 


-0,38* 


Distance 


(-0.97) 


(1.53) 


(0.83) 


(-2.61) 


(-0.37) 


-(2J2) 


Openness 


0.47* 


0,44* 


0.48* 


0.35* 


0.35* 


0.38* 


Index 


(7.39) 


(7.27) 


(8,89) 


(5.34) 


(5.78) 


(6.85) 


Log Foreign 




0.35* 


0.05 




0.36* 


0.18* 


Bom 




(4-88) 


(0.79) 




(4-61) 


(2.66) 


Asian 






1.30* 






1.06* 


dummy 






(5.34) 






(4,66) 


European 






-0.47* 






-0.64* 


dummy 






(-2.27) 






(-3.25) 


NAFTA 






2.02* 






1,08* 


dummy 






(4.26) 






(2.31) 


Adjusted 


0.7S 


0.78 


0.85 


0.66 


0-68 


0,78 


R-squared 














Notes: Pooled least squares with fixed effects for years; coefficients on year constants not shown; 


* 


means significant at 5% level; 


t*stats in parentheses; all variables in logs, ex 


;ccpt openness and dummies- 



Previous gravity models have found little evidence for a NAFTA effect 
for the US as a whole, despite the existence of a Canada-US Free Trade Pact 
of 1989 and NAFTA itself, which became operational in 1994 (Krueger 
(2000)). The strong impact of the Asian dummy, which is effectively the 
Asia-Pacific Economic Cooperation (APEC) zone, less Canada and Mexico, 
is puzzling because a formal agreement is still in the works and is expected 
to be concluded only by 2020. It is possible this affinity is due to the extent 
of trade in high-tech intermediate inputs that is carried out between the US 
and these regions. Europe apparently plays a less than “normal” role in this 
particular industrial sector. High-tech exports from both CA as well as RUS 
are significantly less to this region after taking into account the standard 
variables. 

Table 6-4 shows the results of pooled OLS regressions for total goods 
exports for the two regions. The first three model specifications and the in- 
dependent variables are the same as in the previous table. Generally speak- 
ing, transportation costs seem to matter more for general goods than for 
high-tech products in the case of California. The picture of regional affinities 
remains the same as in Table 6-3, whereas the impact of the transnational 
social networks in the form of foreign bom residents is more mixed here 
than in Table 6-3. 



Table 6-4. Regression Results: Log of Total Goods Exports is Dependent Variable 
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Comparing the results for CA with those for RUS, one can notice another 
consistent theme, i.e. GDP per capita of foreign countries is by and large not 
significant for RUS, but positive and significant for CA in each and every 
specification. The coefficient on the distance variable behaves in a some- 
what idiosyncratic way; for example, for CA the coefficient loses its signifi- 
cance once the foreign-born variable is introduced, suggesting that distance, 
and consequently transportation costs, do not have their traditional negative 
drag on exports once the social networks are taken into account. The behav- 
ior of the coefficient on the distance variable cannot be explained by any 
significant degree of correlation between number of foreign-born immigrants 
and distance, which would explain why the latter drops out after inclusion of 
the former (see Table 6-5 for sample correlations). 



Table 6-5. Sample Correlations 





GDP 


California 

Exports 


GDP per 
Capita 


Foreign 

Bom 


Distance 


GDP 


1 










California Exports 


0.67 


1 








GDP per Capita 


0.19 


0.24 


1 






Foreign Bom 


0.09 


0.48 


-.09 


1 




Distance 


-0.03 


-0.018 


0.063 


-0.29 


1 



Practitioners of gravity models have acknowledged that the principal 
natural barriers to trade may be cultural, or perhaps logistical, in origin and it 
was thought that variables for distance or proximity could adequately reflect 
such intangibles (Frankel, Stein, and Wei, 1996). One could conjecture that 
our results have to do both with the fact that contacts and ties to the home 
country are themselves independent of distance, and that frequent travel 
home serves more than one purpose, thus spreading out the fixed costs. Ex- 
cluding the data for Mexico, the major contributor to California immigration 
numbers, does not significantly change the results, either for these regres- 
sions, or for those in Table 6-3. But since the coefficients on distance and 
foreign-born variables are not particularly robust to different specifications, 
one would not like to make too much of it. 

The fourth specification includes our measure of business ties across bor- 
ders - the intra-firm export ratio. It is positive and significant for both CA 
and RUS, suggesting that there are strong complementarities and spillover 
effects from intra-firm trade for exports overall. The greater the proportion 
of total trade that is conducted within multinational firms, the greater the 
overall exports to the country where the affiliate/headquarters are located, 
i.e. the amount of arm’s length exports seems to be positively impacted by 
intra-firm exports from the two regions. The theory of intra-industry trade 
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suggests that like trades with like, or that most of the trade of a developed 
economy is with other developed economies because of the similarity in 
their industrial structures, leading to intense trade in differentiated goods and 
intermediate inputs for complex production processes. Most intra-firm trade 
is often also intra-industry trade, except in the case of firms-conglomerates 
or international trading companies that deal in a whole range of goods. But 
although we have controlled for the standard of living with the per capita 
variable, the coefficient on the intra-firm export ratio variable is robustly 
positive and significant. For an explanation, one has to therefore look deeper 
into the kind of goods being traded. 

As mentioned in Chapter 5, international trade in intermediate inputs ex- 
plains a large proportion of within-firm trade. Global economic integration 
has led to a proliferation of plants manufacturing intermediate inputs in an 
increasingly diverse set of countries. The traditional cross-border intra-firm 
trade involving only the rich countries, the UK, Netherlands, US and Japan 
is now being supplemented by more dispersed intra-firm trade. (See Arndt 
and Kierzkowski (2001), as well as Chapters 3 and 5 in this book). The story 
involving trade in intermediate inputs may explain why the Asian effect re- 
mains significant in the fourth set of regressions, albeit with a diminished 
magnitude, suggesting that it cannot be intra-firm trade with this region that 
accounts for this trading affinity, but possibly some kind of “complementar- 
ity” of industrial structures, expressed in cross-Pacific supply chains and 
production networks. 

6.5 CONCLUDING REMARKS 

The gravity model seems to fit sub-national export data quite well. In- 
deed, a priori there is no reason to believe otherwise, although one can con- 
ceivably think of small enough sub regions for which the transportation costs 
might vary more idiosyncratically due to specialization and supply relations. 

The two large sub-national economies, California and the rest of the US, 
appear to have somewhat similar trading affinities, although California 
seems to possess a greater propensity for trade with the Asia-Pacific region. 
It would appear that variables used as proxies for social and business con- 
tacts are just as important as the minimalist geographical attribute of dis- 
tance, at least for California, and transportation costs seem to matter less, 
when some other “gravitational” forces are taken into account. In all likeli- 
hood, this is due to a combination of many factors, such as trade in interme- 
diate inputs, particularly of an intra-firm nature, linking the US West Coast 
with the Asia-Pacific economies. The complex chains of international pro- 
duction, highly integrated trade ties, and transnational social and business 
connections that characterize the California economy may also be responsi- 
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ble for this diminished importance of transportation costs. Above all else, we 
must also take into account the increasingly “weightless” nature of high-tech 
products, i.e. their high price-to- weight ratio. 

The foreign-born immigrants settled in the country appear to constitute a 
formidable bank of competitive power, an observation shared by other social 
scientists. Further research is needed before any conclusive evidence is ac- 
quired regarding the role and impact of immigrants, and the role of these 
networks in the prospective “demise of distance”. Disaggregation by traded 
commodity and by immigrant demographics, as well as further studies for 
other immigrant countries, such as Australia, might be able to converge on 
the underlying factors contributing to increased trade. Also, business net- 
works set up by multinational firms, cross-border family enterprises, their 
subsidiaries, and affiliates, have a powerful and positive impact on overall 
exports from these sub-national regions, suggesting that there are spillover 
effects of foreign direct investment. The economic space created by the in- 
teraction of affiliates, subsidiaries and the parent firm tends to have an ener- 
gizing effect on arm’s length transactions as well. 

Our attempt at the study of international trade of a sub-national region, 
together with the social and business networks that bind it to other national 
economies, is in effect a look at a regional economy as an integral part of the 
global. Literature on international trade has either ignored sub-national re- 
gions or treated them as fractal or self- similar to the national economy. At a 
time when national economies and global markets are becoming more 
closely integrated, a look inside the “black box” reveals the singular attrib- 
utes of ties that bind different sub-national regions to the global economy. 



Chapter 7 



Global Linkages, the High-Tech Sector, and State 
Policy Choices 



Our previous chapters have shown that the global forces affecting states 
and local areas are complex, with imported inputs and foreign direct invest- 
ment abroad by local companies playing a parallel role to exports in eco- 
nomic growth and competitiveness. State policies toward global economic 
linkages almost always are directed to a much narrower set of global 
forces — export activity and support for businesses and workers at risk be- 
cause of imports. 

Individual US states often market their importance in terms of their eco- 
nomic size. The top two “Fast Facts” on California’s Technology, Trade and 
Commerce Agency web page (2002b), for example, are “Fifth largest econ- 
omy in the world,” and “Gross State Product is $1.4 trillion.” At least four 
other states — New York, Texas, Illinois and Florida — have GSP levels that 
would place them within the top twenty nations.^ Yet each of the fifty United 
States faces a much more restricted set of policy options than a country of 
similar size. Export and import policies and trade agreements with different 
regions of the world are set at the national level. Immigration policies to- 
ward foreign nationals are also established at the national level. 

As noted in Chapter 3, many business proprietors look towards the fed- 
eral government to manage trade policy and to state and local governments 
for assistance in more general competitiveness factors. Nevertheless, recog- 
nizing the growing trends towards globalization of the US economy, many 
states are examining how policies at the state and local level may affect the 
competitiveness of their industries and their labor force in the global market 



^ The World Facthook 2001 and US Bureau of Economic Analysis web page. 
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place. We look at these policies in this chapter and relate state trade pro- 
grams and more general development programs to the characteristics of the 
global high-tech industry as described in this book. 

7.1 FEDERAL TRADE POLICY FROM A STATE 
PERSPECTIVE 

Both the structure of economic programs in the US and some broader 
policy debates influence the types of programs that have evolved and can 
evolve at the state level. The overall climate for trade has been influenced by 
changes at the national level. The 1990s brought legislation and trade 
agreements that led to increasingly free trade worldwide, and more specifi- 
cally between the US and other countries. NAFTA (the North American Free 
Trade Agreement) established North America as a trading block, reducing 
barriers among the three partners — the United States, Canada and Mexico. 
The GATT “Uruguay Round” (General Agreement on Tariffs and Trade 
1994) built on earlier global agreements to further reduce trade barriers at a 
global level and established the World Trade Organization (WTO). The 
same round of negotiations and subsequent agreements addressed new issues 
related to trade in services (GATS — General Agreement on Trade in Ser- 
vices) and to the information technology revolution (TRIPS — Trade Related 
Aspects of Intellectual Property).^ Under GATTAVTO, “WTO rules now 
apply not only to the one-fifth of world production that is traded but also to 
goods and services that may never enter into trade, affecting sub-regions of 
nations whether or not they are heavily engaged in trade. 

Immigration policy in the US also became less restrictive during the 
1980s and 1990s, allowing more immigration and greater use of non- 
immigrant foreign labor than in many earlier periods. The number of immi- 
grants admitted to the US rose from about 4.5 million (in total) during the 
1970s to over 9 million during the 1991-2000 period, as shown in Figure 7- 
1. In 2000, 25.6% of immigrants admitted to the US were in or came to Cali- 
fornia. Under the non-immigrant foreign guest worker program (H-IB in its 
latest form), the number of visas granted rose from about 60,000 in 1990 to 
over 200,000 in 2001."^ (See Figure 7-2). The future path of US immigration 
policy, however, is unclear due to the events of September 11, 2001 and the 
new security risks associated with immigration. 



^ See discussions of trade agreements, the WTO and challenges it faces in Deutsch and 
Speyer (2001), Rugman and Boyd (2001), Sampson (2001), and Zedillo (2003). 

^ Sampson (2001), page 3. 

^ California accounted for 16.2% of nonresident workers in 2000, according to US Immigra- 
tion and Naturalization Service (2003), Table 41. 
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Figure 7-1. Immigration to the United States by Decade, 1900-2000. Source: Statistical Ab- 
stract of the United States 2002, Table 5. Note: Immigrants are “aliens admitted for legal 
permanent residency to the United States” and may include not only new arrivals who have 
been issued immigrant visas but also existing aliens residing in the United States who are 
changing their status from temporary to permanent residency. 
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Figure 7-2. Hl-B Visas Issued for Initial Employment, 1990 and 1999-2001. Source: US 
General Accounting Office (1992), US Immigration and Naturalization Service (2000) and 
(2002a) and (2002b). 
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A state influences national trade policy largely through its Congressional 
delegation. The California congressional representatives have, on balance, 
been supportive of the trend toward trade liberalization, as shown by voting 
records tracked by the California Council for International Trade (CCIT). A 
majority of California representatives voted in favor often out of fourteen of 
the trade liberalization bills tracked by CCIT between 1993 and 2000. How- 
ever, support for trade liberalization is far from unanimous among California 
legislators. A significant minority — 46% — supported less than half of the 
measures tracked by CCIT in the past decade.^ California has shown even 
greater ambivalence toward expanding immigration, with high-tech corpora- 
tions strongly supporting the H-IB program, but voters passing an initiative 
to deny services to undocumented immigrants.^ Many of the H-IB visas are 
in professional and technical occupations which historically are not union- 
ized. (See Figure 7-3.) Some professional organizations have questioned the 
necessity for the program, arguing that unemployed older engineers are a 
possible labor force to fill the gap in workers.^ 
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Figure 7-3. Major Occupations of H-IB Visa Holders, 2001. Source: US Immigration and 
Naturalization Service (2002a). 



^ The Policy section ofwww.ccit.net has a table reporting votes of House representatives. 

^ California voters passed an Initiative (put on the ballot by voter signature, not the state legis- 
lature), Proposition 187, in 1994, which sought to withhold education, medical and social 
services from undocumented immigrants. Court rulings later overturned much of the 
measure. See Mailman (1995) for a discussion of the measure and its early legal history. 

^ See Garry (1999), Braun (1998), Parks (1998), and American Association of Engineering 
Societies (2000). 
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7.2 IS THERE A PLACE FOR STATE PROGRAMS? 

Overall support for trade comes from the perception that trade generates 
new business and job opportunities. Much of the ambivalence shown by the 
California delegation (and California voters) toward national trade policy is 
the recognition of the unequal distribution of benefits and costs of globaliza- 
tion. Key concerns have been the potential loss of jobs in industries going 
overseas, the loss of jobs in industries where H-IB immigrant workers are 
used, jobs displaced by low-cost imports, rising inequality of incomes, 
world-wide environmental effects of trade with countries with lower envi- 
ronmental standards, and public sector costs of services to undocumented 
immigrants. Some of these concerns are entirely out of the hands of state and 
local agencies (environmental impacts in foreign lands, for example), but 
other concerns — from changing industrial structure to state services — can be 
addressed at the state and local level.^ A great deal of discussion in the aca- 
demic literature as well as on the policy front has centered around how to 
provide effective responses to these concerns. 

One ongoing dilemma has been whether to address the local problems 
that ensue from globalization at the national level, or at the state or local 
level. The academic literature is divided on the effectiveness of these ap- 
proaches. Some of the neoclassical economic and public finance literature 
suggests that direct subsidies to individuals or firms who have suffered di- 
rect negative impacts from economic changes such as global restructuring 
are the most effective way of counteracting these impacts.^ 

A more recent critique of the effectiveness of economic development 
programs argues that local programs may help individuals but leave the re- 
gion worse-off. For example, worker-training programs may help specific 
individuals, but have little impact on the region’s overall unemployment 
rate. Alternatively, these programs may improve the region, but only by dis- 
placing the problem population or weaker industries. For example, the intro- 
duction of office structures in redevelopment areas have displaced lower 
value-added industrial activities such as printing and metal work, without 
necessarily providing new employment opportunities for those who were 
once employed in the displaced businesses. This has been a critique of US 
and UK redevelopment programs at various points in time.^^ 

In contrast, the discipline of regional economics provides a rich body of 
literature that argues that place-based programs and industrial policy can be 

^ Concerns regarding the effects of trade agreements on state environmental policy are a sepa- 
rate matter, as discussed in Orbuch and Singer (1995). 

^ The general concept of improving the mobility of people is summarized in Hoover (1971), 
pages 258-259. Broader discussions are found in Winnick (1966) and Bolton (1992). 

Bovaird(1994). 
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very effective in counterbalancing the negative effects of the free market. 
Markusen (1994) refers to examples of successful regional policies in both 
Korea and the United States, but also describes the potential (and actual) 
conflicts between industrial and regional policies. Several authors describe 
the recent successes of local economic development programs that have 
moved away from smokestack chasing (which is often a zero sum game, 
moving jobs from one locale to another) towards capacity building “positive 
sum” efforts targeted to the characteristics of the local setting and indus- 
tries," 

Most states make some effort to deal with the unequal impacts of trade. 
On the employment side, federal dollars available through the Trade Ad- 
justment Act and other programs to help displaced workers allow states to 
set up employment training and other adjustment programs appropriate to 
the needs of displaced workers in the state’s economy. Other training facili- 
ties, such as community colleges, may also be drawn on as resources for dis- 
placed workers, and in many states pubic/private partnerships are an integral 
element to training programs. On the industry side, small business develop- 
ment centers offer an array of programs available to help with planning, 
business management and finance. These programs are not necessarily de- 
signed for firms losing business to other venues, but are more generally 
aimed at assisting small businesses to grow or to recover from economic 
downturns. 

Dealing with the negative aspects of trade is only one concern of state 
and local governments. The potential benefits from expanding the global 
role of local firms are often more prominent in the minds of state and local 
officials. States have a long history of programs specifically designed to take 
advantage of the perceived opportunities from the increasing levels of inter- 
national trade and global production. In a survey conducted twenty years 
ago, Posner (1984) found that forty-seven of the fifty US states had some 
type of export marketing program, and the remaining three states provided 
other support such as education and counseling for firms interested in ex- 
porting their products. 

The empirical academic literature has brought evidence in support of 
these programs. Several researchers have found that firms engaged in ex- 
ports have higher productivity, higher growth rates, and lower failure rates 
than similar firms that are entirely dependent on domestic markets. Re- 
searchers looking specifically at export programs have found correlations 



See, for example, Blair (1999) and Bradshaw and Blakely (1999). “Capacity” building 
implies increasing a region’s productive capacity through strategies such as education or 
access to financing. 

12 

A sample of these studies is summarized in Richardson, Feketekuty, Zhang and Rodriguez 
(1998). 
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between spending on these programs and levels of exports/^ Later research 
showed a relationship between the level of state appropriations for exports 
and direct employment in export industries. Causality remains a question in 
these studies, which do not determine whether existing levels of exports 
generate a need for the government services or instead, government pro- 
grams help to stimulate an increase in exports and export-related employ- 
ment. 

This evidence suggests that despite the limitations and pitfalls of place- 
based policy approaches, there is a place for state and local policy in re- 
sponding to the changes brought by globalization. However, state programs 
to deal with the opportunities and problems of global linkages do not exist in 
a vacuum. Many are put in place as part of a larger fabric of human resource 
and economic development programs designed to meet the needs of dis- 
tressed communities and displaced workers throughout the state or to protect 
and promote competitiveness and augment opportunities for the state’s busi- 
ness base. 



7.3 THE ISSUES FOR STATE POLICY 

Table 7-1 summarizes some of the advantages and disadvantages a state 
can experience from an increasingly global economy, as described in earlier 
chapters. A number of studies have shown that exports increase output and 
employment. A company that discovers strong demand in foreign markets, 
however, may soon decide it is more efficient to move production (and jobs) 
to a foreign location close to those markets. This investment abroad, while 
taking away jobs (or the potential for job growth) locally, may in fact lead to 
preservation of the remaining local jobs in an industry that otherwise would 
decline due to foreign competition. Competing imports that may lead to job 
cuts also provide cheaper goods for consumption and possibly less expensive 
inputs, improving the competitive position of companies using them. For- 
eign direct investment is often seen as another opportunity to increase a 
state’s employment base, but the new firm may also be a competitor to the 
domestic firms already located in the state. 

State and/or local programs generally will not address all of these aspects 
of expanding global linkages. It is thus important to evaluate the total impact 
of all policies, as well as of the individual policies one by one. 



Coughlin and Cartwright (1987). 
Wilkinson (1999). 
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Table 7-1. Potential Positive and Negative Effects of Expanding Global Interactions 



Type of Global Interaction 


Possible Positive Effects 


Possible Negative Effects 


Expanding State Exports 


Add jobs, revenues to 
state businesses 


Production may move abroad 
for successful foreign markets. 


Expanding Direct Investment 
Abroad by US Firms 


Repatriated profits for US 
multinational firms 


Blue-collar and even technical 
jobs may move abroad 


Import Competition 


Lower cost goods 


May reduce revenue and em- 
ployment at local firms 


Imported Inputs 


Lower costs for US firms 


Competition for domestic 
suppliers 


Foreign Direct Investment in 
US 


May employ US workers 
and buy from US suppliers 


May compete with domestic 
firms in US markets. 


Source: Authors based on research discussed in Chapters 2 through 6. 



7.4 A CLOSER LOOK AT STATE ^TOREIGN 
TRADE’’ PROGRAMS AND POLICIES 

In most states, economic development policies are separated from labor 
force policies (unemployment and employment and training programs). 
Most programs specifically designed to deal with the opportunities of “for- 
eign trade” are part of the state’s economic development function, as are 
many programs for businesses in distress because of import competition or 
other causes of economic dislocation. Programs dealing with displaced 
workers are part of the state’s broader function for serving unemployed 
workers. 

Resources for foreign trade programs grew very rapidly in the 1980s and 
early 1990s. Between 1984 and 1992, “international appropriations” for all 
US states increased over four-fold, according to data from NASDA, the Na- 
tional Association of State Development Agencies. Since that time, these 
appropriations have grown more slowly and even decreased. States budgeted 
a total of over $94 million for these programs in 1992 but only $76 million 
in 1998.^^ Despite recently stagnating or declining budgets, state programs 
for trade remain much more diverse than they were in the 1980s. 



Conway and Nothdurft (1996). “International appropriations” include export promotion, 
investment recruitment, and in some cases tourism, port and agriculture appropriations, 
according to the authors. 

These data are also from NASDA. The 1992 data are reported in Conway and Nothdurft 
(1996); the 1998 data are shown in National Governors Association (2002). 
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Figure 7-4 shows the types of trade-related programs found at the state 
level, as identified from each state’s web site. The shift in emphasis has 
changed somewhat from the Posner survey of twenty years earlier, reflecting 
changing motivations, changing resources, and changing technology. 




Figure 7-4. International Affairs Programs in 50 United States, 2002. Source: Authors from 
research on the World Wide Web, 2002. FT: Foreign Trade. FDI: Foreign Direct Investment. 



7.4.1 Data on Levels and Trends in Trade 

While most states in the 1980s had some type of printed material describ- 
ing their trade programs and the state’s economy, only a handful could pro- 
vide detailed data on trade activity. Now two- thirds of states provide detailed 
statistical information on trade on their web sites, generally drawing from 
data provided by the US Department of Commerce Exporter Locator series 
or from revised MISER data.^^ Many states also do some types of market 
research, providing material that can be used to give advice to businesses 
seeking export assistance. 



These data series are discussed in more detail in Chapter 2. MISER data on California re- 
ferred to in this chapter come from the State of California Technology, Trade and Com- 
merce web site. 
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7.4.2 Export Development — Marketing and Other Promotional Ac- 
tivity 

Export development is a frequently used state foreign trade policy. De- 
velopment may include marketing products for export, providing informa- 
tion on potential trade partners to domestic firms, and providing services to 
facilitate exporting by domestic firms. Many states have export development 
programs, “most of which focus on helping smaller companies with limited 
resources. The most common activities of these offices are promotion re- 
lated, through trade shows, trade missions, and overseas trade offices. These 
programs are often criticized as ineffective, serving a small number of firms, 
and expensive if they involve overseas trade offices or missions. A few 
programs are more strategically based; rather than trying to reach all firms, 
they focus on firm categories most likely to benefit from increased exports. 
Conway and Nothdurft (1996) cite Oregon’s strategy of “focusing narrowly 
on finding overseas representation for the state’s mid-market manufacturers 
and trade-service companies — those with $2-20 million in sales per year.”^® 
This is a strategy to target firms that are already well established but need 
new markets for expansion. 

Despite their critics, trade shows, trade missions, and foreign trade of- 
fices continue to be a major use of resources. Web site information indicates 
that four-fifths of states are actively engaged in trade shows, missions, and 
other marketing activities, and two-thirds of states have at least one foreign 
trade office or contracted foreign representative. The presence of state of- 
fices has grown sharply over the past two decades, as shown in Figures 7-5 
and 7-6, and the location of offices has shifted. 

In the early 1980s, 26 states had at least one foreign trade office. The total 
number of foreign trade offices grew significantly by 2002 (from 49 to 191), 
with a wide geographic distribution covering Asia, Europe and the Ameri- 
cas. In the realm of promotion, foreign trade offices may have several func- 
tions — helping firms to market their products abroad, identifying new mar- 
ket opportunities, and acting as the first point of contact for companies that 
may want to locate production in their state. In addition, foreign trade offices 
may have a “capacity building” role, to which we now turn. 



^^Scouton (1989). 

^^See, for example, Nothdurft (1992), Chapters 1 and 2. 
^^Conway and Nothdurft (1996), page 41. 
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□ 2002 □ 1980s 



Figure 7-5. States with Overseas Office Locations, Early 1980s and 2002. Source: Posner 
(1984) and authors from research on the World Wide Web, 2002. 
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Figure 7-6. Number of State International Affairs Offices Overseas, 2002. Source: Posner 
(1984) and authors from research on the World Wide Web, 2002. 
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7.4.3 Export Development — Capacity Building and Finance 

Some export development programs have gone beyond promotional ac- 
tivity. A number of states provide counseling to firms new to export activi- 
ties and provide financial assistance for trade show attendance, promotional 
materials, and market research. Many states also recognize that other organi- 
zations — federal agencies (primarily the Department of Commerce and the 
Department of Agriculture), local government, and private trade organiza- 
tions — are involved in similar export development, and design programs that 
involve cooperation with or coordination of overlapping activities. Contrib- 
uting to these coordinated approaches are the network of Export Assistance 
Centers and District Export Centers established by the US Department of 
Commerce and involving the cooperation of state agencies, local agencies, 
ports, and some private organizations. The goal of these centers is to inte- 
grate resources for export promotion and finance from a variety of federal 
agencies as well as from state and local agencies and organizations, while 
tailoring the types of services provided to the economy of the region 
served.^^ 

Similar integration may take place with respect to foreign trade offices, 
where a state shares representatives or resources with other states or with 
federal agencies. The foreign trade offices may help firms with marketing 
activity as well as with licensing requirements, local contacts, and network- 
ing new exporters with experienced firms. 

7.4.4 Foreign Direct Investment at Home and Abroad 

State efforts to encourage investment by foreign firms in their area (For- 
eign Direct Investment, or EDI) have often preceded efforts to encourage 
exporting by domestic firms. Major activities include promotional pro- 
grams, site selection and regulatory assistance, and foreign trade zones. In 
addition to the roles discussed above, trade offices, trade shows and missions 
may serve as a means of informing foreign firms of the opportunities for 
production activity within the US. For decades, most states also have acted 
as hosts to visiting trade missions from other countries. A smaller number of 
states have more extensive programs to attract foreign firms. These include 
marketing campaigns, site selection assistance, assistance with regulatory 
requirements, and tax and other types of incentives. South Carolina, Tennes- 



See discussion in “Small Business,” Business America (1996), and in “US Export Assis- 
tance Centers: One Stop Shop for Exporters,” Business America (1994). Updated informa- 



tion is available from the Small Business Administration web site. 
^^Nothdurft (1992), page 89. 
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see and Kansas all have prominent firm-recruitment web pages leading into 
their international affairs section (as one element of economic development). 
California, New York, Maryland and Oklahoma offer site location assis- 
tance, and some states include regulatory assistance, incentives, or “strategic 
alliances”. 

State “international affairs” policies generally do not address the topic of 
investment by domestic firms abroad. However, states that assist firms in 
dealing with foreign markets, either through foreign trade offices or through 
designated geographic area experts in their within- state offices, may find 
that they are serving this need as well. The first step may come through as- 
sisting firms that are establishing foreign operations to promote sales and 
marketing efforts. Successful sales abroad may soon lead to the need for 
technical support establishments in the countries or international regions 
where the product is sold, again possibly with the assistance of state and fed- 
eral offices. From this level of effort, the firm may expand to production 
abroad, suddenly raising the question of how far the state should go in con- 
tributing resources to assist in this effort. 

7.4.5 Foreign Trade Zones — One Tool For FDI 

The federal foreign trade zone (FTZ) program, which has been in place 
since 1934, is another tool that states may use as a location incentive for 
both domestic and foreign firms. Among other advantages, the FTZ allows 
exporting firms to use imported inputs without paying tariffs, for the prod- 
ucts that are then exported. Each of the fifty states has at least one foreign 
trade zone, and many have sub-zones (off-site facilities — often a single 
manufacturing facility — licensed to operate as a sub-zone of an existing 
FTZ).^^ A much smaller number of states explicitly market the zones to for- 
eign companies, as one of the advantages of locating in the area.^^ For other 
economic development groups, the FTZ is used as a tool to help expand 
business of existing exporters or to retain firms that might otherwise locate 
part of their operations overseas. 

The effectiveness of FTZs has been found to be mixed. On the one hand, 
individual firms can clearly benefit from the reduced-tariff advantages of an 
FTZ.^^ Some authors cite examples of foreign firms considering the avail- 



These programs are described on the individual state’s web sites. 

^^Da Ponte Jr. (1997) provides an overview of the history of the program in the US. 

^^The Foreign-Trade Zone Resource Center web site lists all foreign trade zones in the US. 
Authors’ review of web sites. 

27 

A sample of articles outlining the advantages of locating in an FTZ include Anonymous 
(2002) and Krause (1993). Studies that have found benefits to these firms include Head, 
Ries and Swenson (1999) and Johansson (1997). 
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ability of an FTZ in making a US location decision. From that point of 
view, a state with no FTZ would be at a disadvantage. On the other hand, a 
study of Japanese investments in the US between 1980 and 1992 found that 
while foreign trade zones influenced the location a firm chose within the US, 
these zones did not necessarily increase overall Japanese investment in the 
US.^^ A statistical analysis focusing specifically on the foreign-trade zone 
effect did not find an overall increase in exports as a result of the FTZ pol- 
icy. The researchers concluded that the FTZ program would be effective 
only in the context of a much broader range of programs. (The study did 
not address the question of whether FTZs helped US localities compete with 
sites worldwide that offer tariff and other incentives.) 

7.4.6 Trade Displacement Assistance 

The US Trade Adjustment Assistance program ensures that all states 
have some type of program for assisting workers displaced by imports. The 
programs are administered by state human resources agencies (as with the 
Employment Training Panel of the California Employment Development 
Department). The overall record of these programs is mixed. There is strong 
evidence that increased imports can lead to greater displacement of workers 
in an industry, when the imports replace domestic production (particularly of 
production workers, according to our own research reported in Chapter 4 
above and in earlier studies). There is little evidence that the trade dis- 
placed workers are out of work longer than workers who became unem- 
ployed for other structural reasons, or that the special training assistance 
provided (for trade displacement) helps shorten the duration of job loss or 
improves wages upon reemployment.^^ 

More recent research on employment training and workforce develop- 
ment suggests the program features determine its degree of success in help- 
ing workers and communities. For example, research by Thomas and Ong 
(2002) found that technically qualified engineers who lost jobs during the 
contraction of the defense industry needed social training and education as 
well as related skills training to be able to compete for closely-related jobs in 



Rolfe, Ricks, Pointer and McCarthy (1993) found from a survey of firms that the tariff 
advantages of FTZs were a significant factor in attracting exporting firms to FTZ loca- 
tions. 

Head, Ries and Swenson (1999). 

Knowles Mathur and Mathur (1997). 

See Bardhan and Howe (1998a), Bardhan and Howe (2001), and Kroll and Kirschenbaum 
(1998). 

Addison, Fox and Ruhm (1995), Decker and Corson (1995); it should be noted that these 
evaluations are not specific to the programs by the California Employment Training Panel. 



State Policy Choices 



161 



electronics and computer industries. An article by Rosen (1998) also empha- 
sizes the need for instilling flexibility as well as training in workers, advo- 
cating a “lifetime learning system to ensure that worker’s skills are continu- 
ally updated and enhanced.”^^ 

Less widely used are programs targeted to assisting businesses in indus- 
tries at risk from import displacement. Without the ability at the state level to 
offer protective tariffs, and without the resources or political support at the 
state level to subsidize existing operations, state or local area programs to 
assist import-threatened industries have sought other means of improving 
local competitiveness. Strategies may include organizational assistance, new 
product development, selective employment retraining, and production tech- 
nology assistance. One example is the Wisconsin Regional Training Partner- 
ship, which addresses competitiveness in the Milwaukee manufacturing sec- 
tor.^"^ While originating through the actions of a governor-appointed panel, 
the partnership’s board includes business, labor and public sector leaders, 
and programs draw on federal, state, local and private resources. Programs 
are focused on modernization of local industry and improved competitive- 
ness at the level of the production process and worker training. The “partner- 
ship” aspect has been key to the programs’ success, with the participation of 
managers and union leaders, as well as “neutral” third parties, such as local 
technical colleges. 

Manufacturing extension programs, which address the organizational as 
well as training needs of firms, are another major element of the program. 
Another example is Garment 2000, a business, labor and community college 
consortium in San Francisco, which drew on a wide variety of public and 
private, local and federal funding sources to improve conditions in the ap- 
parel industry while providing resources for modernization and workforce 
training. The program has become the main component of the San Fran- 
cisco Center for Applied Technologies at City College of San Francisco.^^ 

A third response to import displacement is the funding of appropriate 
“transfer industries”— industries that have growth potential and could provide 
comparable employment for workers displaced by foreign imports or by 
other economic shifts that affect a whole industry. For example, California 
has sponsored a number of advanced technology programs to provide long- 
term opportunities for companies and workers to replace lost defense work.^^ 



Rosen (1998), page 84. 

Parker (1997). 

Chin (1995). 

See City College of San Francisco, Centers for Applied Competitive Technologies web site. 
See, for example, Koehler (1994). 
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7.4.7 Retention and Broader Strengthening of Competitiveness 

Industries competing successfully in global markets, especially those 
with high trade flows as a share of output, are likely to be undergoing trans- 
formations in terms of employment structure and possibly firm structure and 
location. Whether firms move out of a given state as they undergo these 
transformations will depend partly on whether the state maintains or im- 
proves critical resources. The case study reported in Chapter 3 points to key 
competitiveness factors for the computer cluster. The great majority of inter- 
view respondents did not expect help from the state directly in terms of for- 
eign trade. They showed much greater concerns with general resources (e.g. 
education) and operating conditions (e.g. environmental regulations and 
taxation) in the state. For the computer cluster, the state’s higher education 
system provides resources for skilled labor as well as a framework of sup- 
port for professional networks. A strong primary and secondary education 
system is important for the remaining production labor force and support 
staff, and also as a recruitment factor for attracting and retaining skilled la- 
bor. A parallel study of the food processing industry found that those firms 
required maintenance of quality agricultural land, university based product 
research, and a strong transportation system.^^ 

A state such as California is particularly vulnerable with regard to retain- 
ing its existing large export industries. For many other localities within and 
outside the US, one strategy for expanding exports is the recruitment of 
strong exporting industries from California. Programs to identify and address 
the expansion needs of these industries, often on an individual firm basis, 
can be influential in determining whether expansion occurs within California 
or out of state. Other states use both retention and recruitment efforts. New 
York State, for example, has regional offices throughout the state that offer 
“one stop shopping” (site selection and technical assistance) for New York 
companies seeking new locations, as well as for firms from elsewhere in the 
US or abroad considering New York as a location. Within California, Joint 
Venture Silicon Valley, a public-private partnership located in Santa Clara 
County, focuses heavily on competitiveness and retention of Silicon Valley 
Businesses. Task forces established by the organization address issues as 
diverse as improving education and skills of the local workforce, tax policy, 
affordable housing and transportation."^^ 



Kroll and Kirschenbaum (1998). 

Business Assistance in the Empire State (promotional material published by Empire State 
Development, New York State’s economic development organization). 

The Joint Venture Silicon Valley web site provides detailed information on the groups pro- 
grams and strategies. 
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7.4.8 A Multi-Jurisdictional Approach 

The issues raised by international trade at the state level generally cannot 
be effectively addressed by programs that operate only at the state level. 
Much of the jurisdictional power influencing industry-wide trade is, of 
course, at the federal level. State policy-makers will wish to understand the 
implications of proposed or newly enacted trade agreements for key sectors 
of the state’s economy, recognizing differential effects either among indus- 
tries within the state or among firms or wage earners within an industry. 
With this understanding, federal agencies can become an important resource 
for trade related programs or for programs that would mitigate negative im- 
pacts. Particularly in the areas of export promotion, export finance and trade 
adjustment assistance, state programs can build on and help direct firms to- 
ward the use of federal resources. 

At the other extreme are regional and local organizations that provide 
trade-related assistance or broader economic development strategies. An im- 
portant role of state international trade organizations may be to encourage 
the collaboration among jurisdictions and between private industry, educa- 
tional institutions, and public and private development organizations in pro- 
viding resources to firms affected (positively or negatively) by foreign trade. 

While working cooperatively with both federal and local level resources, 
there are also distinct activities that can be best directed from the state level. 
In the area of export promotion, the state can play a role as a focal point for 
exporters, especially in industries that are not already served by federal pro- 
grams or by strong trade organizations. In the area of labor force prepared- 
ness, the state has a critical role in providing resources for training, in sup- 
porting the public school system, and in supporting higher education. In the 
area of firm expansion and location decisions, the state can help identify the 
critical location factors for key industries and provide support and mediation 
for firms ready to expand or relocate. 

Many of the state-level activities mentioned here in a foreign-trade con- 
text are of equal importance to a state’s overall economic development strat- 
egy. Because industries with strong foreign trade components are also likely 
to be undergoing change in the location of production and occupational 
composition, understanding the ramifications of an industry’s trade compo- 
nent may help state agencies to use existing economic development re- 
sources more effectively. 
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7.5 RESOURCES IN PLACE: A CALIFORNIA CASE 
STUDY 

California has a number of programs in place to address some of the op- 
portunities and impacts of foreign trade discussed here. The state’s trade- 
related programs can be roughly divided into three types: those related di- 
rectly to foreign trade, those that focus more broadly on competitiveness, 
and programs that are concerned primarily with firm retention. These are 
summarized in Tables 7-2 and 7-3. 



Table 1*2, California Programs Directly Related to Foreign Trade 



Program Name 


Agency 


Purpose/Activities 


International 
Trade and In* 
vestment Divi- 
sion 


Technology, Trade and Com- 
merce 


Trade delegations* missions, semi- 
nars, promotional tools to assist Cali- 
fornia companies in foreign market 
transactions 


California Export 
Finance Office 


Technology* Trade and Com* 
merce 


Loan guarantees for export business, 
small and medium- sized companies 


Office of Export 
Development 


Technology, Trade and Com* 
merce 


Marketing services for small and 
medium- sized California companies 
involved in exporting 


Division of Tour- 
ism 


Technology, Trade and Com- 
merce 


Tourism information for both do- 
mestic and foreign tourists 


Office of Foreign 
Investment 


Technology, Trade and Com- 
merce 


Assists foreign firms seeking to lo- 
cate in California with site location, 
regulations, incentives, and informa- 
tion 


Agricultural Ex- 
port Program 


Food and Agriculture 


Assists small and medium-sized 
companies lo expand their export 
activities. 


Energy Technol- 
ogy Export Pro- 
gram 


Energy Commission 


Seed money, market and trade analy- 
ses, trade missions; facilitates Cali- 
fornia firm interactions with foreign 
energy officials 


Foreign Trade 
Zones 


Regional operators/grantees 


16 zones provide tariff reductions 
and postponements for manufactur- 
ing and distribution firms 


Source: Koehler (1994) and (1999), Koehler and Hogan (1996) 
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A much more detailed discussion of California trade programs is provided by Koehler 
( 1999 ). 
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7.5.1 Programs Directly Related to Foreign Trade 

As of 1998, the most recent year for which state-by- state comparative 
data are available, California had the largest state budget for international 
affairs programs. The $8.98 million budget was over 70% above the next 
highest (Pennsylvania). These impressive figures, however, are quite mis- 
leading. The economic development function is, on average, less than 0.25% 
of a state’s total expenditure."^^ In 1998, California spent only 0.04% of its 
budget on the agency in charge of economic development programs. Inter- 
national affairs programs are usually a component of the economic devel- 
opment program, and on average account for only 0.006% of state expendi- 
tures — California’s share was only 0.0044% in 1998."^ 

During the healthy economic years of the late 1990s, economic develop- 
ment and international affairs budgets rose in California. The Technology, 
Trade and Connnerce Agency budget rose to over $200 million by fiscal 
year 2001-2002, of which about $12.5 million was allocated to International 
Trade and Investment. Within International Trade and Investment, the 
budget is divided among several operations, with about half of the budget 
going to the state’s foreign trade offices. 

The International Trade and Investment Division of the Trade and Com- 
merce Agency is the state’s primary vehicle for export development and 
promotion. It sends trade delegations overseas; through its foreign offices, it 
helps firms identify markets or distributors for their products; and its Office 
of Export Finance provides loan guarantees for exporters moving into over- 
seas markets. As is typical of state-agency programs engaged in such efforts, 
they are used by a relatively small number of firms but can cite significant 
growth effects for those firms. (This is consistent with reports from our 
interviews that indicated that few firms used these programs.) 

Although not necessarily well known to their potential constituents, Cali- 
fornia’s foreign offices tend to be well aware of firms with international in- 
terests in their areas. A 1999 listing of California firms operating in foreign 

The NASDA surveys from which these data are drawn use a narrow definition of economic 
development, focusing on the agency exclusively devoted to economic promotion, strate- 
gic planning, and project development. As pointed out by Riches McCullough and Ross 
(2002), Economic development more broadly defined includes employment training, edu- 
cation, and infrastructure and may involve billions of dollars in multiple agencies, and a 
much larger share of the total budget. 

The definition of economic development is quite fluid. When transportation infrastructure 
improvements, training at community colleges, or unemployment insurance programs are 
included in the estimate of costs, the budget share rises sharply. 

^ Authors’ calculations from NASDA data. National Governors Association (2002). 

California Department of Finance (2002a) and (2002b). 

See Conway and Nothdurft (1996), pages 44-49. 
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locations overseen by the offices includes about 900 companies at almost 
2,000 separate sites. Consistent with the strong export (and global sales) 
orientation of high-tech sectors, high-tech manufacturing firms accounted 
for 37% of the sites and one-third of the companies. The state’s large com- 
puter and semiconductor firms were prominent on the list (eg. Hewlett Pack- 
ard, Cisco, 3Com, Apple, Intel). Information and software firms accounted 
for 13% of sites and 14% of companies listed, and included large software 
and networking firms such as Autodesk and Oracle. 

The program’s fiscal report for 1999/2000 divides the outcomes of their 
efforts by “Stateside” and “Overseas” offices. Stateside offices (California 
Export Finance Office, Office of Export Development, and Office of Foreign 
Investment) reportedly assisted in 70 deals, valued at over $3 billion, and 
creating over 6,300 jobs."^^ Over 6,000 of these were from seven deals as- 
sisted by the Office of Foreign Investment, bringing foreign firms into the 
state."^^ Overseas offices reported assisting 130 firms in deals valued at about 
$250 million and creating about 1,900 jobs. The total number of jobs created 
is tiny compared to the state’s employment base of 15 million, but is in scale 
with the share of the state budget allocated to these activities. The numbers 
do not include business generated by more broad based promotional activi- 
ties that do not lead directly to a deal but may stimulate interest in California 
products. The report also does not make it possible to determine the impor- 
tance of the role played by these offices in the final deals. 

California’s Division of Tourism is also housed in the Technology Trade 
and Commerce Agency. The agency develops promotional material on Cali- 
fornia, markets tourism in the state, provides informational material, and 
conducts research. The division works cooperatively on promotional efforts 
with local government agencies and tourism-related organizations. The 
budget of the Division of Tourism was $8.5 million in FY 2001-2002. While 
the great majority of travelers in California are state residents (85%), foreign 
visitors account for almost one fourth of nonresident visitors. The state Di- 
vision of Tourism estimates that California received $11.3 billion in interna- 
tional expenditures from tourism in 2000.^^ 

Authors from data provided by the California Trade, Technology and Commerce Agency. 

A summary of the division’s activities is provided in California Technology Trade and 
Commerce (2001). It is not possible to use these statistics to determine how many of the 
jobs would have been developed without state trade office assistance. 

As noted in earlier discussion and in Table 7-1, these moves are generated by a desire on 
the part of foreign producers to gain better access to California and US markets, and may 
to some degree bring in competitors to California producers. 

Estimates from statistics reported at the Tourism Division web site, statistics section of 
gocalif.ca.gov/state/tourism. 

See Tourism Division web site. Research and Statistics section. For more discussion on 
these types of estimates see Kroll and Bardhan (1996). 
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Table 7~3. California Competitiveness and Retention Programs 



Program Name 


Agency 


Purpose/Activities 


California Economic 
Strategy Panel 


TTCA*, EDD* 


Biennial strategic planning based on Cali- 
fornia economic regions, industry clusters, 
and cross-regional issues 


Employment Training 
Panel 


EDD 


Funds training for new and existing em- 
ployees, to assist businesses in obtaining 
skilled workers 


Office of Major Corpo- 
rate Projects 


TTCA 


Site location assistance and business advo- 
cacy for California corporations. 


Team California 


TTCA 


Network of economic development pro- 
fessionals for business attraction, reten- 
tion, expansion, job creation. 


Red Team 


TTCA in partner- 
ship with governor 
and other offices 


Task force to address a particular issue or 
solve a dilemma to "keep California busi- 
ness competitive" 


California Infrastructure 
and Economic Devel- 
opment Bank 


TTCA 


Low-cost financing to public agencies for 
infrastructure and public improvements 
(revolving fund); revenue bond program 
for private sector companies 


Enterprise Zones 


TTCA 


Tax incentives to encourage business in- 
vestment and job creation in economically 
distressed areas 


Small Business Devel- 
opment Centers 


State and US SBA* 
partnership 


One-stop access for business counseling, 
planning, marketing and training programs 


State Research and 
Technology Programs 


CeST*, CAL- 
TRANS, Air Re- 
sources Board 


Encourage the development of new tech- 
nologies in which California could have a 
competitive edge. 


California Higher Edu- 
cation Facilities 


University of Cali- 
fornia; California 
State University 


Higher education, basic and applied re- 
search 


K-12 Initiatives 


Governor's office, 
State Dept, of Edu- 
cation, public 
schools 


Funding for school construction and mod- 
ernization, class-size reduction, computer 
facilities 


Centers for Applied 
Competitive Technol- 
ogy 


Community Col- 
leges 


Manufacturing business improvement 
centers; advice and services, small and 
mid-sized firms 


California Manufactur- 
ing Technology Center 


Non-Profit out- 
growth of joint 
state/federal effort 


Improve methods of management and 
manufacturing in small and mid-sized 
businesses 


*TTCA: Technology, Trade and Commerce Agency; EDD: Employment Development De- 
partment; CeST: California Council on Science and Technology; SBA: Small Business Ad- 
ministration. Source: Koehler (1994) and (1999), Koehler and Hogan (1996); State of Cali- 
fornia Web pages. 
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7.5.2 Competitiveness and Retention Programs 

Table 7-3 lists a wide range of other California programs that affect the 
competitiveness of the state’s computer cluster and other businesses. The list 
primarily includes resources in employment support, education, and eco- 
nomic development, but also touches on the roles of other state agencies 
such as transportation. 

Over the past decade, California has taken an aggressive stance towards 
improving the competitiveness of the state for attracting new businesses and 
retaining existing businesses. Efforts have included strategic planning for 
economic development; workforce-related efforts focused on both short- 
term training and long term investments; programs directed at improving the 
operations and market penetration for individual firms; and infrastructure 
improvements that affect the population and businesses more broadly. 

7.5.2.1 Strategic Planning 

Since 1993, the state’s Economic Strategy Panel (ESP) has overseen and 
funded analysis of the state’s economy, identifying key growth sectors and 
critical issues facing these sectors. Beginning with a series of working pa- 
pers and an interim report published in 1994, the ESP outlined an approach 
for the state that involved shaping programs to the needs of key industrial 
clusters and coordinating efforts among federal, state and local organiza- 
tions. The ESP has also worked with existing regional organizations within 
the state and helped to establish new organizations, where necessary, to de- 
velop regional partnerships and programs to support the retention or expan- 
sion of key growth sectors.^^ The panel regularly updates their efforts ap- 
proximately every two years. 

1. 5.2.2 Education and Training 

Education and training is among the areas recognized as critical by the 
ESP, and a number of programs exist to support this continuing need. Per- 
haps the most effective long-term investment in economic development ever 
made in the state was the higher education system. The need to maintain this 
system is one factor widely recognized by state, business and local strate- 
gists.^"^ K-12 education is probably the area of most concern, in terms of the 
current level of programs and results. A number of programs have been es- 
tablished to address concerns with the K-12 system, ranging from state fund- 
ing of class-size reductions; to supplying funds for facility construction and 



California Economic Strategy Panel (1996). 

See California Economic Strategy Panel (1998), (2000a) and (2000b). 
California Economic Strategy Panel (1996). 
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modernization and for computers; to establishing performance standards and 
flexible programs for meeting standards.^^ In the area of skills training, the 
state Employment Training Panel has resources to fund training for new and 
existing employees, with the goal of providing skilled workers for business. 
Some of the funding is directly targeted to workers displaced by import 
competition, but much of the funding more generally applies to workers in 
transition because of any type of competition — domestic or foreign — or be- 
cause of technological advancements in the workplace.^^ 

7.5.2.3 Business Development 

The state participates in a number of multi-jurisdictional programs to im- 
prove the operations of manufacturing firms and other businesses or to en- 
courage the development of new industries in California. State level partici- 
pation comes from the Trade and Commerce Agency, the university and 
community college systems, and the Employment Training Panel. Local de- 
velopment organizations and industry consortia also participate in some of 
these efforts. Programs include small business development centers (a coop- 
erative effort with the US Small Business Administration),^^ manufacturing 
outreach centers (operating through the community college system, offering 
new technology to businesses and training for employees),^^ manufacturing 
technology centers (federal and state funded to improve technology and 
management),^^ and specialized industry development programs such as 
CALSTART.^^ Many of the programs are small business oriented. 

7.5.2.4 Infrastructure Improvement 

Heavy investments in infrastructure allowed California to develop the 
economy it has today, but as with its education system, maintaining physical 
infrastructure has become an issue. The California Commission on Building 
for the 21** Century has done an initial assessment of the broad infrastructure 
needs of the state, from housing to transportation. The California Infrastruc- 
ture and Economic Development Bank provides a revolving loan fund for 
public agencies and revenue bonds for business projects. 



California Dept, of Finance web page (August 1997). 

Koehler (1994, page 19). 

Employment Training Panel web site. 

Description and links provided at Technology, Trade and Commerce Agency web site. 
Described at http://www.cact.org/. 

Now evolved into a nonprofit consulting group, partially funded by state and federal pro- 
grams ; see http : //w ww . cmtc . com/CorporateInf ormation/B ackground.php . 

A description of CALSTART is available at www.calstart.org. 

Technology, Trade and Commerce web pages. 
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7.5.2.S Business Retention 

Business retention became a focus of state policy with the 1991-1993 re- 
cession. Substantial changes have been made with regard to some concerns, 
such as Worker’s Compensation legislation. Other concerns, such as tax re- 
form, have generated greater controversy because of revenue shortfalls dur- 
ing the recession and budgetary demands in areas like education. Simplifica- 
tion of the state’s environmental regulatory structure (complicated by local 
control of many development decisions) has remained a goal, but no policy 
changes have ensued. Any changes in this area are also controversial, be- 
cause of strong support for environmental quality among Californians. 

In the absence of broad changes to environmental regulation, the gover- 
nor’s office under Governor Wilson established “TeamCalifornia,” which 
has now become a part of the Technology, Trade and Commerce Agency. 
TeamCalifornia acts as a network of economic development agencies and 
functions dealing with business attraction and retention. Several programs 
exist to help businesses work through the challenging regulatory maze in- 
volved in locating and operating in California. The Office of Major Corpo- 
rate Projects offers site location and business advocacy. In critical cases, 
TTCA in partnership with the governor’s office and other agencies sets up 
“Red Teams” to assist firms on an ad-hoc basis, as needed, when they are 
considering expansion or relocation from a California site or are facing other 
regulatory problems which might later lead to relocation. This approach 
was cited by some of the respondents in the computer cluster as being in- 
strumental in keeping their production facilities in the state. 

7.6 ISSUES IN STATE TRADE POLICY 

California is probably typical in having a small program specifically tar- 
geted to trade issues embedded in a much larger set of economic develop- 
ment and human resources programs that affect trade or its impacts in one 
way or another and are spread among many different agencies and organiza- 
tions throughout the state. Two issues arise because of the size and complex- 
ity of state trade services. First, coordination and focus become critical to 
making state trade policy effective. Second, because many trade-related pro- 
grams are scattered and serve small constituencies individually, these pro- 
grams become vulnerable in times of economic weakness, when budgets are 
tight. 

Several studies have raised concerns about the need for coordination and 
focused goals in California economic development services in general and 



See Technology, Trade and Commerce web site for further descriptions of these offices and 
programs. 
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foreign trade programs in particular. In Maximizing Returns, the California 
Budget Project describes the state’s lack of a structural framework for eco- 
nomic development spending, which the report found was spread among 
more than two dozen organizations and six dozen tax expenditures. A 2001 
evaluation by the California State Auditor of the core economic development 
agency, the California Technology, Trade and Commerce Agency, saw it as 
an agency with satisfied customers but one that was weak in coordination of 
activities with other activities and in leveraging resources by this coordina- 
tion.^^ The evaluation of foreign trade activity, in particular, was mixed, with 
effective coordination identified among the Office of Foreign Investment, 
foreign trade offices, and local economic development agencies, but much 
weaker use of other entities for Export Development and Export Einance 
offices. A 1999 report by Koehler takes a broader look at state trade policy 
and points to the potential for developing “a comprehensive economic trade 
development strategy” modeled after the Economic Strategy Panel approach, 
focusing on regions and industries and the resources available throughout the 
state.^^ 

All of these studies emphasize the challenge of coordination and the po- 
tential rewards of building a strategic trade or economic development policy 
that more explicitly identifies goals and objectives, and identifies roles and 
expected outcomes for the myriad of state programs that could be involved. 
This type of approach would allow for much clearer evaluations of the effec- 
tiveness of different policies. In the absence of any measures of effective- 
ness, the programs become vulnerable in times of financial stress. 

The 2002-2003 budget process shows how vulnerable economic devel- 
opment and foreign trade programs are in the face of tight budgets. The 
Technology, Trade and Commerce Agency, for example, received a 24% cut 
in its proposed funding from the state General Eund, leaving the general 
fund portion of the budget 21% below the level for the previous fiscal year.^^ 
Some foreign trade programs were affected even more strongly. Eunding 
allocated to foreign trade offices was cut by one-third from both proposed 
and actual levels, and the Office of Foreign Investment lost a similar share of 
funding. The export development office, which was already budgeted for a 
16% cut from the previous year, lost an additional 25% of its budget.^^ Pro- 
grams built on federal funding may find themselves similarly vulnerable. 



^ Riches, McCullough and Ross (2002). 

California Bureau of State Audits (2001). 

^ Koehler (1999). 

The California Infrastructure and Development Bank accounts for two thirds of the Tech- 
nology, Trade and Commerce Agency funding for 2002-2003, with funds already allo- 
cated from bond measures. 

California Department of Finance (2002a) and (2002b). 
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The California Manufacturing Technology Center, for example, is one pro- 
gram built on the US Manufacturing Extension Partnership program, which 
was facing a proposed 88% cut in funding in FY 2003.^^ 

The effectiveness of these programs is often not at issue when the cuts 
occur. The state programs drawing foreign investment into California and 
the US Manufacturing Extension Partnership are two programs that are re- 
puted to bring in public revenues through tax payments and multiplier ef- 
fects on the general economy far exceeding the program expenditures. How- 
ever, a strong record of effectiveness may not be enough to keep a program 
going if the returns do not revert directly back to the agency and if there is 
no overall strategic plan justifying the program. 

7.7 A COMPREHENSIVE VIEW OF STATE TRADE 
POLICY 

Overall, foreign trade and globalization have brought many benefits to 
California’s economy and to the computer cluster, as discussed in earlier 
chapters of this book. The state has proved to be well positioned to take ad- 
vantage of the increasing global opportunities, and many of the changes in 
the labor force and in the general population have been in concert with these 
trends. At the same time, the opportunities have brought with them new is- 
sues, including instability of employment, fluidity within jobs, requiring 
workers to be flexible and to regularly learn new skills, widening inequality 
of incomes, and the displacement of some workers. 

Many of the issues that arise from foreign trade also relate to broader 
economic development issues for the state — how to retain a portion of pro- 
duction of existing firms as they expand, assist displaced workers as some 
work moves overseas, and train a labor force for the growing economic sec- 
tors. California, like most other states with a significant high-tech presence, 
has a base of existing programs from which these needs can be addressed. 
The many different implications of expanding global linkages should be 
considered in setting priorities for these programs or establishing new pro- 
grams. 

What remains is for state policy makers to develop a stronger vision of 
how to meet the changing needs generated by growing globalization in a 
framework that also addresses other challenges facing the state’s economy. 
At this stage, some programs are clearly part of a coordinated strategy, while 
others appear to be individual initiatives, not linked to broader programs or 



Bailey (2002) and NIST web site. Note that NIST, the agency that houses the Manufactur- 
ing Extension Partnerships, sees this cut as part of the long term plan to make the partner- 
ship program self-supporting. 
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goals. The characteristics of the global California economy described in ear- 
lier chapters would be consistent with a broader multidimensional view of 
trade-related issues. Several factors are key to creating this vision: 

• Identifying Needs and Setting Priorities: The needs created by globaliza- 
tion are part of a broader set of demands facing California as the econ- 
omy develops. Programs to promote exports, increase the competitive- 
ness of firms facing import competition, and retrain displaced workers 
should be developed in the context of the broader economic develop- 
ment needs of the state. 

• Recognizing the Complex Effects of Global Linkages: Taking advantage 
of global linkages is not just a matter of helping California firms to ex- 
pand exports and foreign firms to locate production in California. Ex- 
porters may soon become producers abroad, while foreign investors in 
California may soon become competitors in markets served by Califor- 
nia firms. As the California economy transforms in response to global 
pressure, it should be a state goal to ensure that companies and workers 
have the resources and training that will enable them to prosper in the 
changing economy. 

• Anticipating the Effects of Change and the Needs of Industries: A good 
understanding of how industries operate and what are their major con- 
cerns should enable state and local government to anticipate and address 
potential issues before they become “push” factors, leading firms to seek 
out of state sites. Overall, the state approach to expanding foreign trade, 
and to economic development more broadly, will be most effective if it 
is proactive. As one respondent in our interviews commented, “The 
State needs to identify problems before they happen. Instead, state pro- 
grams only start working when problems arise.” Careful monitoring and 
analysis of successful industries by state agencies or state- supported 
programs could identify long term concerns (such as capacity constraints 
in Silicon Valley and the search for new growing sites of expanding ag- 
ricultural sectors such as wine) and allow the opportunity for strategic 
governmental responses in anticipation of these concerns. 

• Identifying and Nurturing New Locations for Expanding California 
Clusters: In addition to the individual case approach of the Red Team 
program, helping industries deal with expansion and congestion issues 
within the regions where they already concentrate, the state could work 
with businesses and communities to identify alternative regions within 
California where expanding industry could locate. For example, the ex- 
pansion of a new University of California campus in the Central Valley 
with an emphasis on information technology could be coordinated with 
the expansion needs of growing high-tech businesses. (Meeting the ex- 
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pansion needs of one industry, however, may at times come into conflict 
with the land use needs of a different industry, such as with agriculture 
in the Central Valley). 

• Including Adjustment Programs as a Key Element of Trade Policy: 
Trade clearly causes adjustments for specific industries and for occupa- 
tions within industries. State programs can take advantage of resources 
ranging from educational institutions to facilities available at military 
bases to assist firms, industry groups, and individual employees in ad- 
justing to trade-induced changes. 

• Developing Programs in a Multi- Jurisdictional Context: While there are 
many unmet needs, there are also programs that appear duplicative, es- 
pecially across government levels. The state could potentially play a 
strong role in coordinating resources at different government levels and 
in establishing networks of agencies that can meet different trade-related 
needs. 

• Including Monitoring and Evaluation as Part of Each Program Design: 
It is important to track the changes affecting the state as a whole (e.g. in- 
creases and decreases in export activities), the changes experienced by 
industries or occupational groups within the state, and the activities of 
different programs, and to evaluate regularly whether the programs are 
providing appropriate services where the need is greatest. This can be 
best accomplished if general trends are regularly reported and if pro- 
grams are required to keep careful accounting of their activities and ser- 
vices. 

• Targeting Programs and Sharing the Costs of Trade Assistance: Over- 
seas foreign trade offices and missions are among the more costly eco- 
nomic development programs engaged in by the state. State resources 
will go further if the programs concentrate on businesses with a history 
of successful production for other markets and if at least a portion of the 
cost is recouped from successful clients. Furthermore, this is a program 
area where evaluation could be particularly helpful in determining which 
types of firms or sectors can benefit most from the assistance of foreign 
trade offices. 

California is fortunate in having many economic development resources 
already in place and in having an economy that has shown resiliency in its 
ability to recover from severe structural changes. From the point of view of 
foreign trade, what remains is to balance the resources to meet the needs 
generated by increasing trade and opportunities that move in both directions, 
into and out of California, and have differential effects on industries and 
workers within the state. What is needed is a strategy that goes beyond nar- 
row focus of exports, recognizing the importance of global links in both di- 
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rections, and linking other crucial programs that cover a wide range of 
needs, from location, land use, and housing related concerns to education, 
training, and related retraining needs. 

7.8 POLICY IMPLICATIONS FOR THE 
HIGH-TECH CLUSTER 

The discussion in the preceding section relates to state policy with regard 
to trade in any globalizing industrial sector. The conclusions from earlier 
chapters in the book suggest some additional implications for policy directly 
relevant to the computer cluster and related high-tech sectors. Most of these 
implications are relevant to any US state with a significant high-tech base. 

• Global Linkages Beyond Exports: For US high-tech firms, in addition to 
exports, global linkages may involve overseas production as well as the 
imports of inputs. Links established by foreign trade offices for export 
promotion may be helpful as well in these more controversial activities. 
The research in this book suggests that these types of overseas linkages 
are crucial to the health of firms and to their continued location in high 
cost areas such as California. Were foreign trade offices alerted to this, 
they could provide assistance to California firms seeking to improve 
overseas linkages and at the same time would be able to identify indus- 
trial sectors that are at risk of losing business to overseas competitors 
and could identify how to respond to these changes in production pat- 
terns. 

• Role of Immigrants: The immigrant network has contributed to the high- 
tech cluster by contributing to the knowledge base of the labor force and 
by fostering business links overseas. Policies with relation to immigra- 
tion need to recognize the positive benefits of these networks. 

• Location and Congestion: Interviews with high-tech business executives 
suggest that the pull of high-tech centers such as Silicon Valley is 
strong, despite the cost and congestion disadvantages of these locations. 
It may be possible to counter some of the pull from overseas by encour- 
aging growth centers in close proximity to existing high-tech centers, but 
where costs and congestion are lower. 

• Systems to Respond to Industries Under Threat: Our research has dem- 
onstrated that while these industries are always innovating and generat- 
ing new growth, they also go through regular cycles in which production 
processes — and the location of production — change. This is accompa- 
nied by business failures and job displacement. The disruptions of this 
process could be reduced by an early warning program that identifies in- 
dustries or portions of industries at risk and applies business assistance 
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and employee retraining programs proactively, before displacement oc- 
curs. 

• Shift to Services: The shift away from manufacturing to services has 
been very strong in the high-tech sector in California. In the 1990s, this 
was accompanied by a rise in services, professional and administrative 
employment that more than compensated for the loss in manufacturing 
jobs. However, the long-term implications of this trend are not well un- 
derstood. There may well be an advantage to maintaining a base level of 
manufacturing activity within the state, both fostered by and in order to 
contribute to, the process of innovation. Many industrial sub-sectors are 
under threat and will not retain a significant presence in the state in the 
not too distant future. These sub-sectors can be identified from the simi- 
larity of the occupational and skill mix of the people employed in them, 
as well as by the similarity of their input structure to that of those sectors 
that have already been adversely affected. It has to be recognized that 
constant innovation leading to creation of higher value added jobs is the 
only way for the state to retain its competitive edge. 

• Services Outsourcing: Outsourcing of services has strengthened in the 
past five years, and this process will continue, threatening the jobs that 
have been growing even as manufacturing jobs decline. Outsourcing of 
computer software and services is only one piece of a larger trend to- 
wards foreign outsourcing of office occupations ranging from payroll 
processing to legal research. As higher level business services, profes- 
sional and administrative jobs move overseas, the responses outlined for 
manufacturing, such as strengthening education and training and sup- 
porting innovation, will become equally applicable to nonmanufacturing 
activities. 



Chapter 8 
Conclusions 



This book has studied the changing global linkages and patterns of pro- 
duction of a high-tech economy and the implications of these forces for the 
region where the industry is concentrated. An understanding of these trans- 
formations requires a redefining and broadening of the concept of globaliza- 
tion beyond just international trade. The past decade has seen dramatic 
changes in the international division of labor, particularly in the global dis- 
tribution of high-tech manufacturing production. A similar process is now 
underway in the high-tech services industry, including computer software 
and business process outsourcing services. This chapter summarizes the key 
findings of the book relating to the globalization of a high-tech regional 
economy, including structural changes in high-tech manufacturing and non- 
manufacturing activity, regional effects, and policy concerns. 



8.1 SHIFTING PATTERNS OF HIGH-TECH TRADE 

Several key factors characterize the international activity of the US high- 
tech sector, as it has evolved over the past decade: 

• The US trade deficit in high-tech hardware has continued to expand, 
while the US has maintained a large trade surplus in high-tech services. 

• Imported goods represent about 50% of the US high-tech hardware mar- 
ket. A large part of these imports are imported inputs used in the produc- 
tion and assembly of high-tech products within the US. 
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• The import share of total inputs used in overall US manufacturing has 
shown a steady increase throughout the period from 1987 to 2000. 

• A significant proportion of US trade is in the form of intra-firm trade. 
About 52% of US imports in 1997, for example, arrived through intra- 
firm trade (the remainder represented arm’s length transactions). 

• Imported inputs represent an increasing share of total US intra-firm 
trade. In 1992, most imports of US intermediate goods were the result of 
arms-length trade. By 1997, intra-firm trade had become a key source of 
imported intermediate inputs for US industries. 

• US multinationals were responsible for more than two-thirds of all im- 
ports of high-tech intermediate inputs into the US. 

• Transportation costs represent little hindrance to high-tech intermediate 
imports, consistent with their high-value, low-weight, attributes. 

8.2 LINKAGES EXPLAINING REGIONAL 
EXPORTS 

Our analysis of the high-tech exports of a regional economy, specifically 

California, leads us to the following conclusions: 

• California high-tech exports represent over 50% of the state’s total ex- 
ports and over 38% of total US high-tech exports. Trade flows play a 
particularly strong role in California high-tech manufacturing sectors, 
relative to comparable US sectors and also relative to other California 
manufacturing sectors. 

• A gravity model provides a useful first step for describing the export 
patterns of both the US and California’s regional economy. 

• California and the rest of the US share similar overall patterns for export 
destinations, although California exhibits a greater propensity for ex- 
ports to the Asia-Pacific region, 

• A large population of foreign-born immigrants tends to raise overall ex- 
ports, and to direct these exports to their home countries. 

• Transportation costs, proxied by distance, matter less for California’s 
exports when the transnational networks of immigrants are taken into 
account. This is also related to the ‘weightless” nature of high-tech ex- 
ports. 

• Business networks operating through multinational firms have a power- 
ful and positive impact on overall exports from California and the rest of 
US, suggesting that there are spillover effects of foreign direct invest- 
ment. The economic space created by the interaction of affiliates, sub- 
sidiaries, and the parent firm tends to expand arm’s length transactions 
as well. 
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8.3 GLOBALIZATION AND STRUCTURAL 
CHANGES 

The effects of globalization on a high-tech, regional, economy include 
changes in the location of production, structural impacts on the region’s la- 
bor force, and changes in the mix of employment within manufacturing and 
between manufacturing and services: 

• Despite strong growth in high-tech sales, the US lost more than 150,000 
high-tech manufacturing jobs between 1990 and 2002, while adding al- 
most 1.5 million high-tech service jobs. By 2002, the ratio of high-tech 
service jobs to high-tech manufacturing jobs exceeded three to one. 

• Between 1987 and 1992, globalization in the form of foreign outsourc- 
ing accounted for one-third to one-half of the increase in relative ine- 
quality between blue- and white-collar workers in California. 

• Industries experiencing sharper sales declines were more likely to re- 
structure their production processes by substituting manufactured im- 
ported intermediate inputs for domestic blue-collar labor. Foreign out- 
sourcing was thus a form of recessionary restructuring. 

• Value added and value added per employee in high-tech industries have 
increased significantly, both in the US and in California. Foreign out- 
sourcing positively impacts value addition, and may have thus played a 
key role in the increased profitability of US high-tech firms and in the 
run-up in their stock prices in the 1990s. 

• Although the share of blue-collar wages in total payroll increased during 
the boom period 1992-1997, the source was new production jobs created 
by innovation in Silicon Valley. This trend has likely reversed with the 
post-2000 recession. 

• Outsourcing became increasingly important in software, computer ser- 
vices, and other high-tech related services sectors in the second half of 
the 1990s. Some forms of outsourcing appear to have further accelerated 
during the post-2000 downturn in the technology industry. 

8.4 REGIONAL CONSEQUENCES OF GLOBAL 
HIGH-TECH: THE CALIFORNIA CASE STUDY 

High-tech globalization and structural change have affected the composi- 
tion of employment, trade flows, and competitive pressures in high-cost 
markets like California: 
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■ California location quotients confirm the importance of both high-tech 
manufacturing and services for California’s economy. The coefficients 
for material inputs are particularly high, showing the importance of 
component outsourcing for the production process. 

■ A significant part of the growing global demand for products from Cali- 
fornia companies will likely be served from the foreign subsidiaries or 
affiliates of California multinational enterprises, rather than by direct 
California exports. Only a small proportion of the direct job growth (but 
perhaps a larger share of income growth) will occur in California. 

• Globalization is a factor leading to the restructuring of production and 
jobs in the California computer cluster, in particular to the shift from 
manufacturing and production jobs to services jobs and non-production 
jobs within and beyond manufacturing. 

• Increasing globalization affects the employment mix in California’s 
computer cluster, keeping high-paying and technically demanding jobs 
in California, while moving more routine jobs overseas. 

• Recent global expansion of the outsourcing of service activities, such as 
software production to India, Russia, and China, raises the prospect that 
a significant share of California’s high-tech service sector employment 
may be lost to foreign outsourcing, following the same pattern as the 
earlier loss of high-tech manufacturing jobs. 

• Imported intermediate inputs and overseas production have complex 
effects on California’s economy. While California loses manufacturing 
jobs as a result of these forces, the reduced costs improve California 
firms’ competitiveness and allow them to expand world- wide, thus in- 
creasing high value-added activities for the state. 

• California’s continued competitiveness relies on the maintenance of its 
underlying advantages. For the computer cluster, this includes the exis- 
tence of centers of high-tech activity, skilled labor, institutes of higher 
education, social and cultural dynamism, openness, environmental qual- 
ity, and other “quality of life” variables. 

8.5 STATE POLICY ROLE 

A state such as California, with an economy larger than that of most na- 
tions, seeks to influence the ways in which the international economy and 

global linkages have impacts on the state’s businesses and labor force: 

• Companies look primarily to the federal government for assistance in 
trade matters, while they look primarily to state and local governments 
to improve the region’s competitiveness. 
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• A state’s global strategy should look beyond simple export promotion, to 
consider the global needs of key industries, which may include critical 
imports or reliable production networks abroad. 

• A state strategy to respond to the changing structure of global production 
must proactively address elements of adjustment — for businesses and 
workers displaced by these changes — in addition to promoting the op- 
portunities offered by globalization. These may range from retraining 
programs to programs that improve the competitiveness of displaced 
workers and businesses. 

• A strong state policy addressing trade and competitiveness is one that 
leverages and coordinates the resources available at other levels of gov- 
ernment. 

• Joint public-private partnerships can exploit the regional variations 
within a state such as California in order to promote alternative devel- 
opment sites that offer proximity advantages to Silicon Valley but are 
outside of the core area. 

8.6 ISSUES AND FUTURE SCENARIOS 

High-tech industries in both the US and California have greatly benefited 
from the process of globalization. In particular, the continued competitive- 
ness of multinational high-tech firms and the higher incomes earned by high- 
tech workers has been directly linked to the availability of low-cost foreign 
production sites. The globalization process, however, raises longer-term is- 
sues for the state and its high-tech industries. 

First, displaced manufacturing production workers are unlikely to find 
employment in the higher- wage, high-tech, services jobs. Developing new 
alternatives for these workers has frustrated policy-makers for some time. 
The answer, however, is not to slow the process of globalization, since the 
high-tech firms will then simply lose more sales to lower cost foreign pro- 
ducers, further reducing the job opportunities. 

Second, our evidence suggests that a major benefit of globalization has 
been the growth in high-tech services employment that has accompanied the 
globalization of manufacturing production. It is not clear, however, that the 
economy will experience the same benefits from the accelerating globaliza- 
tion of high-tech services as it gained from the globalization of manufactur- 
ing. The current directions in globalization may be analyzed in terms of two 
alternative futures: 

• One positive scenario is that the US and California economies continue 
to adjust to the new production paradigm, keeping the “cream” of the 
new development at home, while allowing the globalization of the more 
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routine production and service activities. Under this scenario, innovation 
would lead to a continuing stream of new products, and hence new 
manufacturing and services jobs, while competition and the need for 
lower-cost production would force more mature manufacturing and ser- 
vices operations overseas. 

• An alternative scenario is that the globalization of high-tech and busi- 
ness outsourcing services proves to be different in kind from earlier 
waves of globalization, with high losses of skilled white-collar jobs to 
lower-cost foreign sites. These moves would slow the growth of high- 
tech jobs within the US and California, leading to slower growth in in- 
come. As centers of skilled high-tech professionals build up in other 
parts of the globe, the US and California may no longer dominate the 
next wave of innovations, leading to the possibility of much lower long- 
term growth. 

Whichever of these scenarios occurs, globalization will continue to shape 
the evolution of the high-tech industry and will continue to present busi- 
nessmen, academics, and policymakers with both opportunities and chal- 
lenges. The future contours of competitiveness are being determined today, 
and the outcome will depend significantly on how adjustments are made to 
the forces created by the interaction of globalization and a high-tech econ- 
omy. 
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